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I n  g e n e ra l  th e r e  i s  to o  l i t t l e  c o n s ta n c y  i n  th e  
s o - c a l l e d  h e p a t ic  i n s u f f i c i e n c y  to  w a r ra n t  th e  a ssu m p tio n  
o f  a  c l i n i c a l  sym ptom -com plex c o rre sp o n d in g  to  i t .
The h y d ro g en  s % h id e  t e s t  (a p p e a ra n c e  o f  an  odour 
o f  h y d ro g en  s u lp h id e  i n  th e  e x p ire d  a i r  a f t e r  th e  u s e  o f  
enem ata  o f  h yd rogen  s u lp h id e - c o n ta in in g  w a te r )  i s  v e ry  
u n c e r t a i n .  The i n t e r m i t t e n t  and c y c l ic  e x c r e t io n  o f  
m e th y len e  b lu e  v ;hich C h a u ffa rd  r e g a r d s  a s  c h a r a c t e r i s t i c  
o f  h e p a to p a th i e s , i s  i n  no way p e c u l i a r  to  d i s e a s e s  o f  
th e  l i v e r . S t i l l  l e s s  is . t h i s  th e  c a se  w i th  i n d i c a n u r i a ,  
w h ich  P e a u d e le u  c la im s  a s  a  s ig n  o f  h y p o h e p a t ia .  The 
s ig n i f i c a n c e  o f  th e  in c o n s ta n c y  o f  a l im e n ta r y  g ly c o s u r ia  
i s  s t i l l  v e ry  much o v e r - r a te d  i n  t h i s  r e g a r d .  The 
p ro p o s a l  o f  E o l l s c h  to  r e c o g n is e  an  i n d i c a t i o n  o f h e p a t ic  
i n s u f f i c i e n c y  i n  th e  in c r e a s e d  ammonia e x c r e t io n  w hich  
fo l lo w s  th e  o v e r lo a d in g  o f  tlie  l i v e r  w i th  l a r g e  am ounts o f 
n i t ro g e n o u s  m a te r i a l  (50 grammes o f n t i t ro s e J  h a s  found 
no g e n e r a l  a p p l i c a t i o n .  L ik ew ise  th e  id e a  o f 
E .Schw arz t h a t  th e  e x c r e t io n  o f a d m in is te re d  l a c t i c  a c id  
sh o u ld  be re g a rd e d  i n  th e  se n se  o f a  h e p a t ic  i n s u f f i c i e n c y  
h as  n o t p ro v en  i t s e l f  to  be  p r a c t i c a l .  s i m i l a r l y  th e  
i n v e s t i g a t i o n s  conducted  w ith  a  v iew  o f  o b ta in in g  a  t e s t  
o f  th e  f u n c t io n a l  a c t i v i t y  o f  th e  l i v e r  by a d m in i s t r a t io n  
o f  sodium  b u ty r a te  and by  e s t im a t io n  o f  th e  v o l a t i l e  
f a t t y  a c id s  e x c re te d  i n  th e  u r i n e ,  have n o t  p ro v en  v e ry  
s a t i s f a c t o r y ,  b e c a u se  th e  in c r e a s e  o f  f a t t y  a c id s  i s  n o t  
s u f f i c i e n t l y  c o n s ta n t .  The s o - c a l l e d  a l im e n ta r y  
l e v u l o s u r i a ,  w hich  was f i r s t  a d v o c a te d  by S t r a u s s  a s  
c h a r a c t e r i s t i c  o f  d is o rd e re d  h e p a t ic  f u n c t i o n ,  h a s  a lo n e  
r e c e iv e d  g e n e r a l  r e c o g n i t io n  th ro u g h  num erous c o n f i r m a t io n s " .
However, i t  i s  now re c o g n is e d  t h a t  th e  v a lu e  o f  th e  
le v t t lo s e  t e s t  h a s  a ls o  b een  o v e r - r a t e d ,  f o r  i t  h as b e en  found 
t h a t  no a l im e n ta ry  l e v u l o s u r i a  o c c u rs  i n  a  r e l a t i v e l y  l a r g e  
p e rc e n ta g e  o f  c a s e s  o f marked h e p a t ic  l e s i o n ,  whUe i t s  
o c c u rre n c e  i s  q u i te  u n e q u iv o c a l  i n  c e r t a i n  c a s e s  i n  w hich  
th e  l i v e r  i s  p e r f e c t l y  n o rm a l.
More r e c e n t l y  a t t e n t i o n  h a s  b een  d i r e c te d  by M ellanby  
(1908) to  th e  u r in a r y  e x c r e t io n  o f e r e a t i n  and o r e a t i n i n  i n  
l i v e r  a f f e c t i o n s  and h i s  r e s u l t s  have been  co n firm ed  by
• (B,
T an HoogenJmyze and T e rp lo e g h  (1908),^w h ile  some s u g g e s t iv e  
w ork on th e  t o t a l  a m in o -a c id  e x c r e t io n  i n  h e p a t ic  d i s e a s e  
h a s  b een  r e c e n t l y  p u b l is h e d  by  F re y  (1 9 1 1 ) .
A c c o rd in g ly , th e  p r e s e n t  e x p e r im e n ta l  r e s e a r c h  was 
p r im a r i l y  u n d e r ta k e n  to  t r y  to  d e te rm in e  w hat d e g re e  o f  
im p o rta n c e  m ig h t be  a s c r ib e d  to  th e  s e v e r a l  c o n s t i t u e n t s  
i n to  w hich  th e  u r i n a r y  n i t r o g e n  i s  d iv id e d ,  e s p e c i a l l y  
w i th  r e g a rd  to  th e  r o le  o f  e r e a t i n  and o r e a t i n i n  and o f  
th e  t o t a l  a m in o -a c id  c o n te n t ,  a s  f u r n i s h in g  e v id e n c e  o f  
f u n c t i o n a l  l i v e r  i n s u f f i c i e n c y .
I n t e r e s t i n g  r e s u l t s  w ere  o b ta in e d  a s  r e g a r d s  th e  
am m onia-urea  r e l a t i o n s h i p  d u r in g  h e p a t ic  d i s tu r b a n c e .  A 
s m a ll  b u t  c o n s ta n t  in c r e a s e  i n  th e  t o t a l  a m in o -a c id  c o n te n t  
was fo u n d , w h ile  e r e a t i n  and o r e a t i n i n  would a p p e a r  to  
depend on o th e r  f a c t o r s ,  e s p e c i a l l y  on t h e i r  d i r e c t  r e l a t i o n  
to  c a rb o h y d ra te  m e tab o lism .
I n  c o n t r a - d i s t i n c t i o n  to  t h i s  h y p o th e s is  o f  th e  
ch em ica l r e l a t i o n s h i p  o f  e r e a t i n  and o r e a t i n i n ,  th e  
c o n c lu s io n s  o f  some r e c e n t  w ork have  p o in te d  to  t h e i r  
b e in g  d e p en d e n t on an  en zy m atic  b a s i s ,  a s  i t  i s  a s s e r t e d  
t h a t  enzym es^w hich b r in g  a b o u t th e  c o n v e rs io n  and d e s t r u c t io n  
o f  c re a t in ^ h a v e  b een  d e te c te d  i n  v a r io u s  t i s s u e s .  I t  h a s  
b e en  s u g g e s te d  t h a t  th e s e  r e s u l t s  depend on b a c t e r i a l  a c t i o n ,  
and a c c o rd in g ly  i t  was d e te rm in e d  to  t r y  to  e l im in a te  t h i s
(3 )
f a c t o r  by  e x t r a c t i n g  th e  fe rm e n ts  i n  a  d ry  s t e r i l e  s t a t e  
by  means o f  a  method w hich  h a s  g iv e n  e x c e l l e n t  r e s u l t s  i n  
th e  e x t r a c t i o n  o f  b a c t e r i a l  enxym es.
The e v id e n c e  o b ta in e d  was a l t o g e t h e r  n e g a t iv e ,  so 
a  f u r t h e r  developm en t o f th e  h y p o th e s is  o f  a  d i r e c t  
c h em ic a l r e l a t i o n s h i p  b e tw een  e r e a t i n  e x c r e t io n  and 
c a rb o h y d ra te  m e tab o lism  was a tte m p te d  by i n v e s t i g a t i n g  th e  
r e l a t i o n s h i p  be tw een  th e  su g a r  c o n te n t  o f  th e  b lo o d  and an  
a r t i f i c i a l l y  p roduced  c r e a t i n u r i a .
Thus th i s ,  t h e s i s  em bodies th e  r e s u l t s  o f  w ork a lo n g  
th r e e  d i f f e r e n t  l i n e s  o f  r e s e a r c h .
1 .  The i n v e s t i g a t i o n  o f  th e  n i t r o g e n  p a r t i t i o n  o f  th e
*  u r in e  d u r in g  th e  h e p a t ic  d is tu r b a n c e  i n  dogs p roduced  
by th e  su b c u ta n e o u s  i n j e c t i o n  o f  h y d ra z in e  s u lp h a te .
2 .  The q u e s t io n  o f  th e  p re s e n c e  o r  a b sen c e  o f  o r e a t i n ­
c o n v e r t in g  and c r e a t i n - d e s t r o y i n g  fe rm e n ts  i n  th e  
v a r io u s  t i s s u e s ,  a s  d e te rm in e d  by a  method o f  e x t r a c t i n g  
enzymes i n  a  d ry  s t e r i l e  s t a t e .
3 .  The r e l a t i o n s h i p  o f  c r e a t i n u r i a  to  changes i n  th e  
s u g a r  c o n te n t  o f th e  b lo o d  i n  r a b b i t s ,  w ith  a  
d i s c u s s io n  o f  th e  n a tu r e  o f th e  r ô le  p la y e d  by 
c a rb o h y d ra te s  i n  c o n n e c tio n  w ith  e r e a t i n  m e ta b o lism .
* T h is  p a r t  o f  th e  work h as  a l r e a d y  b een  p u b l is h e d  i n  th e  
J o u m . o f  P a th ,  and B a c t . 1913 . T o l . x v i i i . p . p . 2 8 1 -3 0 5 .
(4)
P a r t  I .
HEPATIC INSUFFICIENCY AS ESTIMATED FROM THE NITROGEN 
PARTITION OF THE URINE.
I n t r o d u c t i o n .
The aim  o f  P a r t  I  h a s  b e e n  to  t r y  to  d e te rm in e  
e x p e r im e n ta l ly  how f a r  th e  i n v e s t i g a t i o n  o f  th e  s e v e r a l  
c o n s t i t u e n t s  o f  th e  u r i n a r y  n i t r o g e n ,  o r  o f  t h e i r  
r e l a t i o n s h i p s  v iew ed a s  a  w h o le , m igh t s e rv e  a s  e v id e n c e  
o f  f u n c t i o n a l  l i v e r  d i s tu r b a n c e .  I n  th e  o ld e r  m e ta b o lic  
w ork th e r e  was th e  te n d e n c y  to  c o n c e n tr a te  a t t e n t i o n  on th e  
e s t im a t io n  o f  one o r  o th e r  o f  th e  component p a r t s  o f  th e  
n i t r o g e n  o f  th e  u r i n e , and th e  r e l a t i o n s h i p s  o f  th e s e  
v a r io u s  e le m e n ts  w ere a l t o g e t h e r  n e g le c te d .  R ecen t w o rk e rs  
h a v e , how ever, re c o g n is e d  t h a t  th e  i s o l a t e d  e s t im a t io n  o f  
any  one o f  th e  s e v e r a l  s u b s ta n c e s  i n  w hich  th e  n i t r o g e n  i s  
d i s t r i b u t e d  i s  u s e l e s s  a s  r e g a rd s  t h e i r  v a lu e  i n  g iv in g  an  
i n d i c a t i o n  o f  th e  e x te n t  and ty p e  o f  m e ta b o lic  d is tu r b a n c e  
p r e s e n t .
Numerous i n v e s t i g a t i o n s  i n to  th e  r e l a t i o n s h i p  o f  
th e  u r e a  and ammonia o u tp u t  have b een  c a r r i e d  o u t ,  and 
v e ry  d iv e r s e  r e s u l t s  have b een  o b ta in e d  i n  th e  e s t im a t io n  o f  
b o th  th e  r e l a t i v e  and absolu te am ounts o f u r e a  and ammonia 
e x c re te d  i n  h e p a t ic  a f f e c t i o n s .  C l i n i c a l l y ,  Ton N oorden
(1907) r e c o rd s  c a s e s  o f  15 to  18 p e r  c e n t-  ammonia c o n te n t ,
(6̂3
w h ile  S tadelm ann  and W ein traud  (1893) c o n s id e r  t h e r e  i s  no
su ch  in c r e a s e  e x c e p t v/hen th e  f a c t o r  o f  a c i d o s i s  p la y s  a
rô le *  I n  su p p o r t  o f  t h i s  h y p o th e s is  th e y  have  shown t h a t
th e
on a d m in is te r in g  ammonium s a l t s ,  su ch  a s /c a r b o n a te  o r  
c i t r a t e ,  i n  c a s e s  o f  h e p a t ic  c i r r h o s i s ,  th e  pow er o f  
s y n t h e t i s i n g  ammonia i n to  u r e a  h a s  n o t  b e en  l o s t .  I n  a  
r e c e n t  c l i n i c a l  i n v e s t i g a t i o n  on h e p a t ic  d i s e a s e  F re y  (1911) 
c o n c lu d e s ;  "The ammonia v a lu e  s ta n d s  h ig h  i n  l i v e r  d i s e a s e s ,  
and e s p e c i a l l y  h ig h  i n  c i r r h o s i s . "  He a d d s , how ever, t h a t  
th e  d i a g n o s t i c  v a lu e  o f  t h i s  o b s e r v a t io n  i s  a d v e r s e ly  
a f f e c t e d  th ro u g h  th e  o c c u rre n c e  o f  s i m i l a r  h ig h  v a lu e s  a f t e r  
e x c e s s iv e  f l e s h - e a t i n g ,  i n  f e v e r s ,  and i n  v a r io u s  a f f e c t i o n s  
w hich  le a d  to  a c i d o s i s .  A g a in , W il l ia m s ’ (1906) o b s e r v a t io n s  
on th e  ammonia e x c r e t io n  i n  th e  v o m itin g  o f  p reg n an cy  le d  him 
to  d iv id e  su ch  c a s e s  mnto two g ro u p s  ; -
1 .  Those w i th  a  h ig h  ammonia p e rc e n ta g e  o f  th e  t o t a l
n i t r o g e n  -  o v e r  10 p e r  c e n t ,  w hich  he c a l le d  th e
U vV
toxæm ic v a r i e t y .
2 .  Those w ith  a  low  ammonia p e rc e n ta g e  -  c o n s id e re d
u u
a s  th e  n e u r o t i c  ty p e .
W olf (1906^ h as shown t h a t  m ost p ro b a b ly  t h i s  
d i f f e r e n c e  i n  ammonia o u tp u t  depends on th e  q u a n t i ty  o f  
r e s e r v e  f a t  s to r e d  i n  th e  i n d iv i d u a l ,  s in c e  an  e x c e ss  o f  
body f a t  l e a d s ,  i n  c o n d i t io n s  s im u la t in g  s t a r v a t i o n ,  to
(6)
th e  e x c r e t i o n  o f  a c id s  w ith  c o rre s p o n d in g  in c r e a s e  i n  th e  
ammonia o f  th e  u r in e #  On th e  o th e r  h a n d , Ewing (1908) 
h as  p o in te d  o u t t h a t ,  s in c e  ammonia i s  e s s e n t i a l l y  co n n ec ted  
w i th  th e  fo rm a tio n  o f u r e a  and th e  f u n c t io n s  o f  th e  l i v e r , 
an  in c r e a s e d  e x c r e t io n  o f  ammonia may he d i r e c t l y  d ep en d en t 
on  th e  h e p a t ic  d is tu r b a n c e  to  w hich  th e  c o e x i s t e n t  a c i d o s i s  
i s  a l s o  s e c o n d a ry . Thus th e  e x p e r im e n ta l  work o f  S a la s k in  
and Z a le s k i  (1908) shows m arked d if f e r e n c e s b e tw e e n  th e  
e f f e c t s  a f t e r  com p le te  e x t i r p a t i o n  o f  th e  l i v e r  and th o s e  
i n  Eck f i s t u l a  a n im a ls .  I n  b o th  s e t s  o f  e x p e rim e n ts  
s y s th e s i s  o f  ammonia i n to  u r e a  i s  d e f e c t i v e ,  b u t  w here th e  
l i v e r  h a s  b een  c o m p le te ly  removed th e  ammonia o u tp u t  i s  
s t i l l  f u r t h e r  in c r e a s e d  by th e  p ro d u c t io n  o f  l a c t i c  and 
o th e r  a c id s  i n  e x c e s s .
üo\
P e a rc e  and Ja c k so n  (1 9 0 7 ) , from  th e  r e s u l t s  o f  
t h e i r  work on  l i v e r  n e c r o s i s  p ro d u ced  by th e  i n j e c t i o n  
o f  h aan o ly tic  immune s e r a ,  a ls o  em phasise  th e  d a n g e r o f  
o v e r r a t in g  th e  im p o rtan c e  o f  th e  r e l a t i o n s h i p  be tw een  
h e p a t ic  n e c r o s i s  and h ig h  ammonia p e r c e n ta g e .  Com bining t h e i r  
h i s t o l o g i c a l  and u r i n a r y  f i n d in g s ,  th e y  have a tte m p te d  to  
d i f f e r e n t i a t e  two ty p e s  o f  h e p a t ic  d i s tu r b a n c e .
1 .  H e p a tic  d e g e n e ra t io n  o f  a  g r a n u la r  and v a c u o la r  
ty p e ,  b u t  no n e c r o s i s .  The accom panying u r i n a r y  changes 
w ere d im in u tio n  i n  p e rc e n ta g e  u r e a ,  i n c r e a s e  i n  p e rc e n ta g e  
ammonia, b u t  no change i n  t o t a l  n i t r o g e n .
(7)
2 .  D e s t r u c t io n  o f th e  w hole  c e l l  v /ith  a u t o l y t i c  changes — 
t r u e  h e p a t ic  n e c r o s i s .  The u r i n a r y  changes c o n s is te d  i n  a  
m arked in c r e a s e  i n  t o t a l  n i t r o g e n  w ith  no a l t e r a t i o n  i n  
p e rc e n ta g e  u r e a ,  h u t  an  a c t u a l  d im in u tio n  i n  p e rc e n ta g e  
amm onia, w h ile  th e  u n d e te rm in e d  n i t r o g e n  ( in c lu d in g  
p o ly p e p t id s  and a m in o -a c id s )  was h ig h e r .
They s im p ly  e x p la in  th e  o c c u r re n c e  o f  th o s e  two 
ty p e s  on th e  h y p o th e s is  t h a t  th e  s im p le  g r a n u la r  d e g e n e ra t io n  
o f  th e  c e l l s  i s  a s s o c ia t e d  w i th  "a  d is tu r b a n c e  o f  en zy m atic  
e q u il ib r iu m "  r e s u l t i n g  i n  an i n t e r f e r e n c e  i n  th e  p ro d u c t io n  
o f  u r e a  from  ammonium compounds w ith o u t  an  in c r e a s e  i n  t o t a l  
n i t r o g e n  o u tp u t ;  w h ile  i n  th e  ty p e  o f  t r u e  h e p a t ic  n e c r o s i s  
th e  u r in e  p r e s e n t s  a l l  th e  r e s u l t s  o f a u t o l y t i c  c h a n g e ,-v iz ,  
in c r e a s e  i n  t o t a l  n i t r o g e n  a lo n g  w i th  th e  a p p e a ra n c e  o f  th e  
p ro d u c ts  o f  a u t o l y s i s .
A lth o u g h  F r e r i c h s  and S t a d e l e r  (1858) d e m o n s tra te d  
a s  e a r l y  a s  1856 t h a t  i n  n e c r o t i c  a f f e c t i o n s  o f  th e  l i v e r  
th e  a m in o -a c id s ,  le u c in e  and t y r o s i n e , a r e  p r e s e n t  i n  
c r y s t a l l i n e  fo rm  i n  th e  u r i n e ,  y e t  know ledge a s  r e g a rd s  
th e  im p o rta n c e  o f  th e  a m in o -ac id  c o n te n t  i n  l i v e r  d i s e a s e  
i n  g e n e ra l  h a s  been  e x c e e d in g ly  vague and i n d e f i n i t e .
R ecen t w ork h a s  shown t h a t  th e  p re s e n c e  o f  th o s e  in d iv id u a l  
a m in o -a c id s ,  le u c in e  and ty y o s in e ,  i s  n o t  o f  th e  im p o rtan c e  
t h a t  was p r e v io u s ly  a s c r ib e d  to  them , f o r  th e y  have  b een  
found  i n  sm a ll  q u a n t i t i e s  i n  th e  u r in e  o f  v a r io u s  p a th o lo g ic a l
(8 )
c o n d i t io n s  -  h e p a t ic  c i r r h o s i s ,  g o u t ,  m ost i n f e c t i o u s  
d i s e a s e s ,  e t s .  The a d v e n t o f  S o r e n s e n 's  (1908) fo rm o l
t i t r a t i o n  m ethod h a s  g iv e n  a  d e c id e d  im p e tu s  to  t h e i r
(A)
more m in u te  i n v e s t i g a t i o n ,  and Frey{ 1911) u s in g  a  
m o d if ic a t io n  o f  t h i s  m ethod , a s  d e s c r ib e d  b e lo w ,c o n c lu d e s  
t h a t  th e  t o t a l  e x c r e t io n  o f  a m in o -a c id s  i s  o f  c o n s id e r a b le  
d ia g n o s t i c  im p o rt i n  h e p a t ic  d i s tu r b a n c e .  P e a rc e  and 
Ja c k so n  (1907),^ how ever, s u g g e s t  t h a t  th e  a m in o -a c id  c o n te n t  
o f  th e  u r i n e  h as  no r e l a t i o n  to  th e  ty p e  o f  h e p a t ic  
l e s i o n  p r e s e n t ,  b e c a u s e , a lth o u g h  a m in o -a c id s  may be found 
d u r in g  th e  a u t o l y s i s  o f  l i v e r  t i s s u e ,  y e t  t h e i r  a p p e a ra n c e  
i n  th e  u r in e  i s  d ep en d en t on th e  c o n d i t io n  o f  th e  h e p a t ic  
c e l l s  n o t  in v o lv e d  i n  th e  l e s i o n .  I f  s u f f i c i e n t  no rm al 
l i b e r  parenchym a i s  a v a i l a b l e  f o r  th e  c o n v e rs io n  o f  th e  
a m in o -a c id s ,  th e n  th e s e  a c id s  w i l l  n o t  a p p e a r  i n  th e  u r i n e .
Somewhat c o n t r a d ic to r y  r e s u l t s  have b e en  o b ta in e d
i n  f e e d in g  p a t i e n t s  s u f f e r in g  from  l i v e r  d i s e a s e  on g ly c o c o l l
(1̂ )
and o th e r  a m in o -a c id s .  G la e s s n e r  (1907) found  t h a t  th e  
i n g e s t i o n  o f  2u g rm s. g ly c o c o l l  was fo llo w e d  by an  in c r e a s e d  
e x c r e t io n  o f  a m in o -a c id s  i n  h e p a t ic  a f f e c t i o n s  ( f a t t y  
d e g e n e ra t io n ,  p h o sp h o ru s p o is o n in g , and e s p e c i a l l y  l i v e r  
c i r r h o s i s )  a s  compared w i th  th e  o u tp u t  o f  h e a l th y  s u b j e c t s .
On th e  c o n tr a ry ^ F re y ’s  (1911) i n v e s t i g a t i o n s  showed t h a t  
th e  f e e d in g  w ith  such  a m in o -a c id s  a s  g l y c o c o l l ,  a s p a r a g in ,  
o r  a la n in ^ o f  p a t i e n t s  w ith  a l l  th e  c l i n i c a l  e v id e n ce  
s u g g e s t iv e  o f  h e p a t ic  c i r r h o s i s  le d  to  no in c r e a s e  o f  th e
(9)
a n d n o -a c id s  i n  th e  u r i n e .  L ig h t  may he th row n  on t h i s  
c o n f l i c t i n g  e v id e n c e  hy th e  r e c e n t  o b s e r v a t io n s  o f  Damask 
( 1 913 i who a d m in is te re d  th e  same am ount o f  g ly c o c o l l  
d i s s o lv e d  i n  a  l a r g e  amoput o f  w a te r  (1 l i t r e ) .  He 
found  t h a t  p a t i e n t s  w ith  d is e a s e d  l i v e r s  can  th e n  c o n v e r t  
t h i s  d o se  o f  g ly c o c o l l  q u i te  a s  e a s i l y  a s  th e  h e a l th y ;  and 
he e x p la in s  th e  e x c r e t io n  o f  a m in o -a c id s  found  u n d e r  such  
c o n d i t io n s  b y  e a r l i e r  w o rk e rs  a s  due to  th e  c o n c e n tr a t io n  
o f  th e  s o l u t i o n .
C o n sid e red  a p a r t  from  f e e d in g  e x p e r im e n ts ,  th e  amount 
o f  a m in o -a c id  n i t r o g e n  e x c re te d  i s  c o n s id e re d  by F re y  to  
be  i n  i t s e l f  an  im p o r ta n t  d i a g n o s t i c  f e a t u r e  i n  h e p a t ic  
a f f e c t i o n s ,  e s p e c i a l l y  i n  c i r r h o s i s ;  and he h o ld s  t h a t  th e  
t o t a l  o u tp u t  a l t o g e t h e r  depends on th e  q u a n t i t a t i v e  r e l a t i o n  
o f  th e  d e g e n e ra t iv e  s ta g e s  to  th e  h e a l th y  c e l l s  l e f t ,  i n  my 
e x p e r im e n ts , h i s t o l o g i c a l  e x a m in a tio n  shows t h a t  th e  
d e g e n e ra t iv e  and f a t t y  changes i n  th e  l i v e r  a r e  d i f f u s e .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  a  s i m i l a r  d i f f u s e  d e g e n e ra t iv e  
l e s i o n  was found by  C la rk  (1908) i n  h i s  o b s e r v a t io n s  on th e  
l i v e r  changes i n  c h lo ro fo rm  p o is o n in g , i n  w h ich  c o n d i t io n  an  
in c r e a s e  i n  a m in o -ac id  n i t r o g e n  h a s  a ls o  been  found  a s  one o f
Oc)
i t s  e f f e c t s  on th e  p r o t e i n  m e tab o lism  o f th e  d o g .(L in d s a y ;1 9 1 1 ) .
I n  th e  p r e s e n t  i n v e s t i g a t i o n  s p e c i a l  a t t e n t i o n  
h a s  b een  d i r e c te d  to  th e  e x c r e t io n  o f  e r e a t i n  and o r e a t i n i n ,
a s  t h e i r  im p o rtan c e  a s  c r i t e r i a  o f  h e p a t ic  d is tu r b a n c e  ^ s
(4been suggested by Mellanby (1908) from h i s  researches on
( l o )
th e  e x c r e t io n  o f  th e s e  s u b s ta n c e s  i n  v a r io u s  p a th o lo g ic a l  
c o n d i t io n s  o f  th e  l i v e r .  He found  t h a t  b o th  i n  h e p a t ic  
c i r r h o s i s  and i n  carc inom a o f  th e  l i v e r  th e  o r e a t i n i n  
o u tp u t  i s  g r e a t l y  re d u c e d , w h ile  i n  th e  l a t t e r  c o n d i t io n  
l a r g e  q u a n t i t i e s  o f  e r e a t i n  a p p e a r  i n  th e  u r i n e . These 
o b s e r v a t io n s  w ere con firm ed  by  van  Hoogenhuyze and
h)
T e rp lo e g h  (1 9 0 8 ) .
u f  th e  d ru g s ,  p h o sp h o ru s , c h lo ro fo rm , b ro m b en zo l, 
h y d ra z in e ,  w hich  have  a  t o x ic  a c t i o n  on th e  l i v e r ,  th e  l a s t  
named h as b een  u se d  b e ca u se  i t  h as  been  shown by G ideon
V i }
W e lls  (1908) to  have th e  m ost s e l e c t i v e  a c t i o n  on th e  
h e p a t ic  parenchym a. T h is  l i m i t a t i o n  o f i t s  t o x i c  e f f e c t s  
h a s  b e en  co n firm ed  by h i s t o l o g i c a l  e x a m in a tio n  i n  th e  c o u rse  
o f  th e  p r e s e n t  e x p e r im e n ts .
PEETIOUS WORK ON THE EFFECTS OF HYDRAZINE ADMINISTRATION. 
B o risso w  (1894; f i r s t  p o in te d  o n t th e  m arked ly  to x in  
e f f e c t s  p ro d u ced  by th e  su b c u tan e o u s  i n j e c t i o n  o f  0 .1  grm . 
o f  h y d ra z in e  s u lp h a te  p e r  k i l o  o f  body w e ig h t .  The 
symptoms o b se rv e d  and th e  p o st-m o rtem  f in d in g s  w ere
s u b s e q u e n tly  con firm ed  by th e  w ork o f  Poduschka (1900) and
iaô
o f  P o h l (1 9 0 2 ) . Of. i t s  e f f e c t  on th e  n i t r o g e n
d i s t r i b u t i o n  i h  th e  u r i n e ,  U n d e r h i l l  and K le in e r  (1909) 
r e c o rd  th e  r e s u l t s  o f  one ex p e rim en t on a  dog w hich  l iv e d
(11)
f o r  f o u r  days a f t e r  r e c e iv in g  a  d o se  o f  0 .1  grm . p e r  k i l o .
As th e  a n im a l r e fu s e d  a l l  food a f t e r  th e  i n j e c t i o n ,  th o s e  
w o rk e rs  compared t h e i r  r e s u l t s  w i th  th o s e  o b ta in e d  d u r in g  a  
f o u r t e e n  d a y s ' f a s t i n g  ex p e rim e n t co n d u c ted  on th e  dog s e v e r a l  
w eeks b e f o r e .  They found t h a t  a f t e r  th e  a d m i n i s t r a t io n  o f  
th e  h y d ra z in e  s u lp h a te ,  th e r e  was a  lo w er o u tp u t  o f  ammonia 
and a  h ig h e r  u r e a  e x c r e t io n  th a n  i n  th e  same dog d u r in g  
f a s t i n g .  The p r o p o r t io n  o f p refo rm ed  o r e a t i n i n  n i t r o g e n  was 
somewhat d e c re a s e d ,  w ith  a  c o rre sp o n d in g  in c r e a s e  i n  th e  
e r e a t i n  n i t r o g e n ,  w h ile  th e  r a t i o  o f  th e  c r e a t i n i n  n i t r o g e n  
to  th e  t o t a l  n i t r o g e n  was somewhat h ig h e r  th a n  d u r in g  
s t a r v a t i o n .  The r e l a t i o n  o f  a l l a n t o in  n i t r o g e n  to  t o t a l  
n i t r o g e n  rem ained  a lm o s t c o n s ta n t  d u r in g  h y d ra z in e  p o is o n in g  
and d u r in g  s t a r v a t i o n ,  and hence th e y  co n c lu d e  t h a t  a  s t a r v in g  
c o n d i t io n  i s  th e  im p o r ta n t  f a c t o r  i n  a l l a n t o i n  e l im in a t io n ,  
and t h a t  h y d ra z in e  h as  no s p e c i f i c  a c t i o n  i n  t h i s  r e s p e c t .
The a m in o -a c id  n i t r o g e n  was n o t  e s t im a te d .
AUTHOR'S EXPERIMENTS.
Two s e t s  o f e x p e rim e n ts  on dogs have  b e en  c a r r i e d  o u t :
■ f
i n  th e  one a  s u b l e t h a l ,  i n  th e  o th e r  a  l e t h a l ,  d o se  o f  hydrazine! 
s u lp h a te  i n  a  2 .5  p e r  c e n t ,  s o l u t io n  was i n j e c t e d  
su b c u ta n e o u s ly  a f t e r  th e  p re l im in a ry  u se  o f  c o c a in e .
1 .  I n j e c t i o n  o f  a  s u b l e th a l  d o s e . -  F o u r e x p e rim e n ts  
a r e  re c o rd e d  i n  w hich th e  dog e v e n tu a l ly  r e c o v e r e d .  I n
(12)
th e  f i r s t  t h r e e ,  th e  d o se  was 0 .u 5  grm . p e r  k i l o  o f  
body w e ig h t;  w h ile  i n  th e  f o u r t h  i t  was 0 .0 7  grm . p e r  k i l o , -  
a  d o se  in te n d e d  f o r  a  l e t h a l  e x p e r im e n t, -  from  w hich 
th e  dog made a  good r e c o v e ry .
i n  a l l  f o u r  e x p e r im e n ts  symptoms o f  a  m ild  toxm nia  
w ere p ro d u c e d . D uring  th e  f i r s t  tw e n ty - f o u r  h o u rs  t h e r e  
was more o r  l e s s  s ic k n e s s  and v o m it in g , so t h a t  th e  u r i n e  
was u s u a l ly  c o n ta m in a te d , w h ile  th e  dog was d u l l  and 
l i s t l e s s ,  r e f u s in g  a l l  food and d r i n k .  On th e  second 
day th e  a n im a l was c o n s id e ra b ly  b e t t e r ,  a l th o u g h  show ing 
e v id e n c e  o f g e n e ra l  m a la is e  and  of la c k  of s t a b i l i t y  
o f  e q u i l ib r iu m . By th e  f o u r t h  day th e  dog was resum ing  
i t s  u s u a l  a p p e a ra n c e , and was p a r ta k in g  m o d e ra te ly  o f  
p o r r id g e  and m ilk .  A l to g e th e r , th e  symptoms o f the  
an im a l su g g e s te d  w hat i s  known a s  a  " b i l i o u s  a t t a c k "  i n  
th e  human s u b j e c t .  M ic ro s c o p ic a l  e x am in a tio n  o f th e  
u r in a r y  sed im en t r e v e a le d  n o th in g  s u g g e s t iv e  o f k id n e y  
in v o lv e m e n t.
E . I n j e c t i o n  o f  a  l e t h a l  d o s e . -  Owing to  th e  v a r i a t i o n  
i n  t o x i c  e f f e c t s  p roduced  by th e  h y d ra z in e  i n j e c t i o n  i n  
d i f f e r e n t  d o g s , some d i f f i c u l t y  was e x p e r ie n c e d  in  
a r r i v i n g  a t  a  s u i t a b l e  d o se , in  o rd e r  t h a t  th e  u r in e  o f 
s e v e r a l  c o n s e c u tiv e  d ays m ight b e  o b ta in e d  b e fo re  th e  
d e a th  of th e  a n im a l. A c c o rd in g ly , th e  dos^age v a r ie d  
b e tw een  0 .0 7  grm . to  0 .1  grm . p e r  k i l o  o f  body w e ig h t .
(1 3 )
P o u r o f th e  dogs l iv e d  l e s s  th a n  th r e e  d a y s ,  so t h a t  
u r i n a r y  i n v e s t i g a t i o n  was im p o s s ib le ,  ow ing a t f i r s t  to  
c o n ta m in a tio n  w ith  v o m itu s  and l a t t e r l y  to  s u p p re s s io n  
of u r i n e .  i n  one ex p e rim e n t .{N o.V II) t h e  u r in e  was 
o b ta in e d  d i r e c t l y  from  th e  b la d d e r  im m e d ia te ly  a f t e r  th e  
d e a th  o f  th e  a n im a l, ab o u t tw e n ty - s ix  h o u rs  from  th e  tim e 
o f  th e  i n j e c t i o n  of th e  drug* A no ther dog l iv e d  t i l l  th e  
f o u r t h  d a y , w h ile  th e  m ost s u c c e s s f u l  ex p e rim en t was one 
i n  w h ich  th e  an im al s u rv iv e d  s i x  d a y s . The dose 
a d m in is te re d  i n  e a c h  e x p e rim e n t re c o rd e d  i s  n o te d  i n  th e  
p r o t o c o l s .
I n  a d d i t i o n  to  t h e  symptoms m a n ife s te d  a f t e r  th e  
s u b l e th a l  d o s e ,  th e  a n im a ls  showed s ig n s  of p ro g r e s s iv e  
w e a k n e ss , w ith  m arked dyspnoea, and f e l l  g r a d u a l ly  i n to  
a  com atose c o n d i t io n  b e fo r e  d e a th  e n su e d , a l l  food 
hav in g  b e e n  r e fu s e d  s in c e  th e  a d m in i s t r a t io n  o f  th e  d ru g .
The a n im a ls  u se d  w ere dogs and b i tc h e s  a v e ra g in g  
10-15 k ilo g ra m s  w e ig h t , and th e  u r in e  was c o l l e c te d  i n  
th e  fu n n e l  o f s p e c i a l  m e ta b o lic  c a g e s , a  few  o .d  o f a 
c h lo ro fo rm  m ix tu re  c o n ta in in g  lu  p e r  c e n t  thym ol b e in g  
added p re v io u s  to  c o l l e c t i o n .  The dogs w ere n o t 
c a t h e t e r i s e d , b u t th e  u r in e  was a lw ays r e g u l a r ly  
o b ta in e d  e x c e p t w here n o te d  i n  th e  p r o t o c o l s ,  so  t h a t  
th e  o u tp u t  re c o rd e d  p e r  diem i s  a p p ro x im a te ly  th e  t o t a l  
u r i n e  form ed i n  th e  tw e n ty - fo u r  h o u r s .  B e fo re  th e
(14)
i n j e c t i o n  o f  th e  h y d ra z in e  s u lp h a te ^ a  d a i l y  a n a ly s i s  
o f  th e  u r in e  was c a r r i e d  o u t  u n t i l  th e  a n im a l had b een  
f o r  t h r e e  s u c c e s s iv e  d ay s ( in d ic a te d  i n  a r a b i c  n u m era ls  
i n  p r o to c o l s )  i n  t o l e r a b l y  s t a b l e  n i t r o g e n o u s  e q u i l ib r iu m i  
D u r irg  th e  w hole e x p e rim e n t th e  dog was on a  c r e a t i n - f r e e  
d i e t ,  n am ely , p o r r id g e  and m ilk .  Dog b i s c u i t  was n o t 
g iv e n , a s  on a n a ly s i s  i t  was found  to  c o n ta in  an 
a p p re c ia b le  am ount o f  e r e a t i n .
M ethods o f  A n a ly s is ,  e t c .
T o ta l  n i t r o g e n  was e s t im a te d  by K j e l d a h l 's  method
U re a , ammonia, e r e a t i n ,  and c r e a t i n i n  w ere d e te rm in e d  by
F o l i n 's  m ethods.
A l l a n to in  was e s t im a te d  i n  some e x p e r im e n ts .
H ie c h o w sk i‘s method was u sed  i n  one e x p e r im e n t, b u t
d id  n o t  g iv e  v e ry  s a t i s f a c t o r y  r e s u l t s ,  c o n s id e r in g  th e
am ount o f  tim e  th e  m ethod demands f o r  i t s  p e rfo rm a n c e .
I n  th e  o th e r  e x p e rim e n ts  th e  " d i f f e r e n t i a l "  method
hi)
d e s c r ib e d  by M iss L in d say  (19u9 j was u s e d .
A m ino-acids w ere e s t im a te d  by a  m o d if ic a t io n  o f 
S o re n s e n 's  fo rm a l t i t r a t i o n  m ethod . i n  th e  f i r s t  
e x p e rim e n ts  p h e n o l- p h th a le in ,  a s  recommended by J a g e r  
and Ma I f  a t  t i  (1 9 0 9 ), was u se d  a s  i n d i c a t o r  i n  th e  f i r s t  
s ta g e  o f th e  p ro c e s s .  i n  E xperim en t I I I . ,  how ever, 
d u r in g  th e  c o n tro l  days and on th e  f o u r t h  d ay  a f t e r  th e
(15)
i n j e c t i o n  when th e  dog was a g a in  a p p ro a c h in g  no rm al 
c o n d i t io n ,  n e g a t iv e  v a lu e s  w ere o b ta in e d ,  th e  f i g u r e s  
g iv e n  f o r  a m in o -n itro g e n  b e in g  lo w e r th a n  f o r  ammonia 
n i t r o g e n  a lo n e .  I t  was a c c o rd in g ly  d e te rm in e d  to
u s e  th e  l i tm u s  s o l u t io n  recommended by H e n r iques (1 9 0 9 ) , 
v e ry  co g en t o b je c t io n s  h a v in g  b een  r a i s e d  by M a l f a t t i  
(1910) to  th e  u s e  o f  o rd in a r y  l i t m u s .  P o s i t i v e  v a lu e s  
f o r  th e  a m in o -ac id  n i t r o g e n  w ere th e n  a lw ays o b ta in e d .
I n  E x p erim en t V . b o th  i n d i c a t o r s  w ere u s e d ,  and th e  
d i s p a r i t y  i n  th e  v a lu e s  g iv e n  a r e  re c o rd e d  i n  T ab le  I .
TABLE I .
A m in o -N itro g en . Ammonia
D ay. ^  N it ro g e n .
P h e n o l - p h th a le in .  L itm u s . F o l i n 's  Method
1 . 0 .6 9 0 0 .7 2 0 0 .7 1 0
2 . 0 .4 1 7 0 .4 4 4 0 .4 7 4
3 . 0 .5 4 6 0 .6 0 8 0 .6 2 4
I I . 0 .3 7 8 0 .4 2 6 0 .3 3 0
I I I . 0 .4 5 5 0 .5 1 1 0 .3 5 0
IV . 0 .1 9 1 0 .2 1 3 0 .1 3 7
V . 0 .3 1 2 0 .3 9 0 0 .2 0 1
V I . 0 .3 0 2 0 .3 5 2 0 .1 9 5
I t  i s  d o u b t le s s  t h i s  q u e s t io n  o f  i n d i c a t o r  w hich  
h a s  le d  to  th e  d i s p a r i t y  i n  th e  r e s u l t s  o f  i n v e s t i g a t i o n s  
on th e  p re s e n c e  o r ab sen ce  o f  a m in o -a c id s  i n  no rm al u r i n e .
(16)
The r e s u l t s  o f b o th  m e th o d s, how ever, show a 
s i m i l a r  in c r e a s e  i n  a m in o -a c id  n i t r o g e n  a f t e r  h y d ra z in e  
i n j e c t i o n .
U r ic  a c id  i s  in c lu d e d  u n d e r  u n d e te rm in e d  
n i t r o g e n ,  th e  amount b e in g  p r a c t i c a l l y  n e g l i g i b l e  s in c e  
i t s  p la c e  i s  ta k e n  by a l l a n t o i n  i n  th e  economy o f  
th e  d og .
TABLES AND CHARTS OF EIPEEIMENTS.
I n  E x p erim en ts  I .  -  I T . s u b le th a l  d o se s  w ere 
a d m in is te r e d , i n  T .-V I Ï . a  l e t h a l  dose was g iv e n .
(17)
E x p erim en t I .
W hippet B i t c h  (W eight 9 k i l o s ) .
E ig h te e n  c . c .  o f  a  2 .5  p e r  c e n t ,  s o l u t i o n  h y d ra z in e  
s u lp h a te  i n j e c t e d  (50 mgrms. p e r  k i l o ) .
The l o s s  o f  w e ig h t f o r  th e  f i r s t  t h r e e  d ays 
fo l lo w in g  i n j e c t i o n  am ounted to  0 .6  k i l o ,  a f t e r  w h ich  
th e r e  was a  g ra d u a l r e c o v e ry .
From th e  f o u r th  day onw ards th e  dog began  to  
ta k e  food a g a in ,  -  a p p ro x im a te ly  h a l f  th e  am ount o f  
t h a t  b e fo r e  th e  h y d ra z in e  i n j e c t i o n .
E x cep t f o r  a  t r a c e  o f a lb u m in  on th e  second  d a y , 
no o th e r  abnorm al c o n s t i t u e n t  was d e t e c t e d , -  no b i l e ,  














Percentage of Total 
N itrogen.
Day.
it 2K it ll5 2 It5 2
%
1
1 . . . 660 6-867 5-853 0-517 0-020 0-120 0-015 0-342 85-2 7-5 0-3 1-7 0-2- 5-1
2 . . . 540 4-250 3-543 0-232 0-029 0-113 0 0-333 83-4 5-4 0-6 2-6 0 8-0
3 . . . 460 5-432 4-769 0-281 0-017 0-132 0 0-233 87-8 5-3 0-3 2-4 Î 0 4-2
I. . . . No analys is. Ur ine con taniina ted.
II. . . . 380 7-724 6-319 0-394 0-158 0-128 0-040 0-685 81-9 5-1 2-0 1-5 0-5 9-0
I l l . t  . . 70 2-540 2-152 0-148 0-042 0-030 0-014 0-154 84-7 5-8 1-6 1-1 0-5 6-3
IV. . . . 700 7-379 6-539 0-360 0-079 0-129 0-035 0-237 88-6 4-8 1-0 1-7 0-4 3-5
VI. . . . 640 7-050 6-326 0-367 0-038 0-134 0-011 0-174 89-7 5-2 0-5 1-9 0-1 2-7
VIII. . . . 890 6-096 5-505 0-365 0-013 0-110 0-005 0-098 87-3 5-9 0-2 1-7 0-0 4-9
X. . . . 780 5-449 4-707 0-337 0-021 0-126 0-002 0-258 86-4 6-2 0-4 2-3 0-0 4-7
t  P a r t i a l  u r in e  o n ly ,  some h a v in g  been  l o s t .







as Percentage of 
Total Nitrogen.
1 . . 6-867 0-366 • 0-324 0-042 5-3
2 . . 4-250 0-306 0-306 0 7-2
3 . . 5-432 0-355 0-355 0 6-5
I. . . Urine conta minated.
II. . . 7-724 0-453 0-845 0-108 5-8
III.*  . . 2-540 0-120 0-081 0-039 4-7
IV. . . 7-879 0-444 0-348 0-096 6-0
VI. . . 7-050 0-394 • 0-362 0-032 5-5
V III. . . 6-096 0-327 0-313 0-014 6-8
X. . . 5-449 0-343 0-338 0-005 6-3
^ P a r t i a l  u r i n e •
(18)
CHàRI I .
A g ra p h ic  r e p r e a e n ta t i o n  o f  th e  i n t e r - r e l a t i o n s h i p s  o f  
th e  u r e a ,  ammonia, am inoac id  and u n d e te rm in e d  n i t r o g e n  
e x c r e t io n  i n  E xperim en t I .
U rea rep resen ted  h y  
A m m o n ia  








C o n ^ o
The s i z e  o f  th e  c h a r t  i s  red u c ed  hy  le a v in g  o u t th e  
m id d le  p a r t  be tw een  10 p e r  c e n t ,  and th e  lo w e s t  p e rc e n ta g e  
to  w hich  th e  u r e a  n i t r o g e n  f e l l .
(19)
E x perim en t I I .
I r i s h  T e r r i e r  (W eight 1 1 .6  k i l o s )
24 c . c .  h y d ra z in e  s u lp h a te  ( 2 .5  p e r  c e n t ,  s o lu t io n )  
i n j e c t e d  (?50 mgrms. p e r  k i l o . )
A f te r  f o u r  d ays ^ .7  k i l o ,  was th e  l o s s  o f  w e ig h t .
By th e  t h i r d  day th e  dog was r e c o v e r in g ,  some 
food b e in g  ta k e n  on th e  f o u r t h  dav*
No abnorm al c o n s t i t u e n t s  w ere found  i n  th e  u r in e  
d u r in g  th e  c o u rs e  o f  th e  e x p e r im e n t, e x c e p t t h a t  th e  
u r i n e s  of d ay s  I I .a n d  I I I . became d a rk ly  p igm en ted  on 
s t a n d in g .  None of t h e  r e a c t i o n s  t o  th e  t e s t s  f o r  th e  
o r d in a r y  p ig m en ts  w ere g iven*
"S
P ercentage of Total 
N itrogen.





d S ll ll 'Â
I s
i l
î | l l
li
l - l
1 . . . 1410 5-073 4-311 0-347 0-035 0-102 0-023 0-255 84-9 6-8 0-6 2-0 0-4 5-3
2 . . . 1400 5-037 4-234 0-313 0-054 0-104 0 0-332 84-0 6-2 1-0 2-0 0 6-8
3 . . . 1240 5-659 4-951 0-326 0-032 0-101 0 0-249 87-4 5-7 0-5 1-7 0 4-7
I. . . . U rine contam inated w ith vom itu s. No analysi s made
II. . . . 155 4-500 3-774 0-240 0-088 0-066 0-082 0-250 83-9 5-3 1-9 1-3 1-8 5-8
III . . . . 1250 9-957 8-785 0-385 0-118 0-125 0-127 0-417 88-2 3-8 1-1 1-2 1-2 4-5
IV. . . . 1375 6-044 5-290 0-292 0-128 0-098 0-03 3 0-203 87-5 4-8 2-1 1-6 0-5 3-5
V. . . . 1540 6-115 5-259 0-375 0-089 0-144 0-026 0-222 86-0 6-1 1-4 1-8 0-4 4.3
VII. . . . 1500 7-054 6-321 0-318 0-036 0-111 0 0-268 89-6 4-5 0-5 1-5 0 3-9
IX. . . . 1450 6-090 5-262 0-462 0-018 0-118 0-230 86-3 7-6 0-3 1-9 0 3-9







as Percentage of 
Total Nitrogen.
1 . . , 5-073 0-276 0-213 0-063 5-4
2 . . .. 5-0.37 0-280 0-280 0 5-5
3 . . . 5-659 0-272 0-272 0 4-8
I. . . . Urine con tani inated.
II. . , . 4-500 0-396 0-178 0-218 8-8
III. . . . 9-957 0-778 0-300 0-478 7-8
IV. . . . 6-044 0-358 0-268 0-090 5-9
V. . . . 6-115 0-378 0-296 0-082 6-1
VII. . . . 7-054 0-308 ■ 0-300 0-008 4-3
IX. . . . 6-090 0-319 0-319 0 5-2
(2 0 )
E x perim en t I I I .
S co tch  T e r r i e r  (Weight 9 .3 5  k i l o s . )
N in e te e n  c . c .  o f  a  2 .5  p e r  c e n t ,  s o l u t io n  
h y d ra z in e  s u lp h a te  i n j e c t e d  (50 mgrms^ p e r  k i l o . )
W eight f e l l  to  8 .6  k i l o s  hy t h i r d  d a y . I . e . ,  a  
l o s s  o f 0 .7 5  k i l o . ,  h u t  fo llo w in g  on t h i s  t h e r e  was 
a  g ra d u a l r i s e .
T his dog began to  ta k e  food  a g a in  on th e  t h i r d
d a y .
No a lb u m in , s u g a r ,  b lo o d , b i l e ,  a c e to n e  o r  
d i a c e t i c  a c id  was found  to  be p r e s e n t .
The u r in e  o f th e  seco n d  c o n t r o l  day was a lk a l i n e  






II II5  g If
1 . . .
c.c.
1400 3-332 2-823 0-235 0-090 0
2 . . . 1100* 3-850 2-975 0-474 0-119 0
3 . . . 1480 3-765 3-083 0-313 0-142 0
I. . . . 730t 4-823 3-947 0-406 0-084 0
II. . . . 260 6-674 5-677 0-346 0-072 0-085 0-073
III . . . . 1300 7-389 6-611 0-305 0-040 0-095 0-034
IV. . . . 1250 4-060 3-500 0-245 0-028 0-083 0
V. . . . 1050 4-351 3-828 0-288 0-065 0
VI. . . . 1025 4-678 3-776 0-401 0-011 0-080 0
V III. . . . 1325 4-229 3-666 0-415
■■
0-082 0
P ercentage of Total 
N itrogen.
1




0-183 84-7 7-0 2-7 0 5-6
0-282 77-2 12-2 3-0 0 7-6
0-227 81-9 8-3 3-7 0 6-1
0-386 80-2 8-4 1-7 0 9-7
0-494 85-0 5-1 1-0 1-2 1-0 6-7
0-304 89-4 4-1 0-5 1-2 0-4 4-4
0-204 86-2 6-0 0-7 2-0 0 5-1
0-170 87-9 6-6 1-4 0 4-1
0-410 80-7 8-5 0-2 1-7 0 8-9
0-056 86-6 9-8 1 9 0 1-7
* A lk a lin e  i n  r e a c t i o n ,  
t  U rin e  p a r t i a l  o n ly .







as Percentage of 
Total Nitrogen.
1 . . . 3-332 0-248 0-248 0 7-4
2 . . . 3-850 0-321 0-321 0 8-3
3 . . . 3-765 0-384 0-384 0 10-2
I.* . . 4-823 0-2-28 0-228 0 4-7
I I . .  . . 6-674 0-426 0-231 0-195 6-3
III. . . . 7-316 0-351 0-258 0 093 4-7
I V .. . . 4-060 0-225 0-225 0 5-5
V. . . . 4-351 0-175 + 0-175 Trace 4-0
VI. . . . 4-678 0-215 0-215 0 4-6
V I I I . . . . 4-229 0-2-23 0-223 0 5-2
P a r t i a l  u r i n e .
( 21 )
Experiment HT.
R e t r i e v e r  Bog (W eight 16 k i l e s  )
F o r t y - f i v e  o .c #  o f  a  2 .5  p e r  c e n t ,  s o l u t io n  
h y d ra z in e  s u lp h a te  i n j e c t e d  (*70 mgrms. p e r  k i l o  o f  
body w e ig h t .
T his was in te d d e d  f o r  a  l e t h a l  d o s e , b u t  th e  d o g , 
a f t e r  th e  m a n i f e s ta t io n  o f  a  c o n s id e r a b le  d e g re e  o f 
toxam ia ,show ed  s ig n s  o f r e c o v e ry  on the  f i f t h  d a y , when 
i t  p a r to o k  o f food  and a p p e a re d  c o m p a ra tiv e ly  no rm al 
on  th e  l a s t  day o f th e  e x p e r im e n t , when i t  to o k  p o r r id g e  
and m ilk  w ith  r e l i s h .
On th e  f i f t h  day th e r e  was a  l o s s  i n  w e i ^ t  =
1 .8  k i l o ,  a f t e r  w hich  th e r e  was a  g ra d u a l  i n c r e a s e .
On th e  second and t h i r d  d ays a lb u m in  was p r e s e n t ,  
w h ile  th e r e  was a l s o  a  t r a c e  o f b i l e .  No o th e r  abnorm al 
u r i n a r y  c o n s t i t u e n t  was d e te c te d -
P ercentage 
of Total N itrogen.
Day.







1 . . . 850 i 6-350 5-315 0-355 0-079 0-220 0 0-381
2 . . . 760 5-937 4-916 0-425 0-107 0-209 0-021 0-259
I. . . . U rine contain inated
II. . . . 310* 3-281 2-566 0-211 0-139 0-071 0-054 0-240
III .. . . 510 11-395 9-725 0-271 0-264 0-155 0-153 0-827
IV. . . . 480 ; 7-392 6-415 0-184 0-158 0-165 0-110 0-360
V. . . . 650 : 14-651 12-762 0-349 0-278 0-187 0-139 0-936
VI. . . . 650 j 9-373 8-030 0-251 0-181 0-174 0-045 0-692





























2-1 ' 1-6 7-3 !
1-3 ! 1-3 7-2 ‘
2-2 1-5 4-8 
1-2 0-9 0-3 
1-8 0-4 7-3 
3 3 0-1 8-1
* A p o r t io n  of th e  u r in e  was l o s t  on t h i s  d ay  
th ro u g h  c o n ta m in a tio n .







as Percentage of 
Total Nitrogen.
1 . . . 6-350 0-591 0-591 0 9-3
2 . . . 5-937 0-618 0-562 0-056 10-4
I. . . Urine contaminated
II.*  . . 3-281 0-337 0-191 0-146 10-2
III. . . 11-395 0-825 0-415 0-410 7-2
IV . . . 7-392 0-738 0-443 ■ 0-295 9-9
V. . . 14-651 ■ 0-876 0-503 0-373 5-9
VI. . . 9-373 0-588 0-468 0-120 6-2
V III. . . 4-810 0-457 0-438 0-019 , 9-5
* U rin e  p a r t i a l
(22)
E xperim en t Y »
W hippet B i t c h  (W eight 8 k i l o s . )
T h ir ty - tw o  c . c .  o f  a  2 .5  p e r  c e n t ,  s o l u t io n  
h y d ra z in e  s u lp h a te  I n j e c te d  ( 100 mgrms. p e r  k i l o . )
The lo s s  o f w e ig h t up  to  day b e fo re  d e a th  
am ounted to  0 .9 5  k i l o .  D u rin g  th e  f o u r th  day th e  
a n im a l ap p ea re d  to  r e c o v e r  som ew hat,bu t f e l l  i n to  a  
com atose c o n d i t io n  on th e  fo l lo w in g  d a y , and  d ie d  on 
th e  s i x t h .
B i le  and P r o t e in  w ere  p r e s e n t  i n  sm a ll  am ounts 
i n  th e  u r in e  on th e  f i f t h  and s i x t h  days -  j u s t  b e fo re  
d e a th .




Isl | ÎI ll0%llII if Î
Is
II Üag l i 1
1 . . . uîô 5-191 4-027 0-710 0-010 0-128 0 0-316 77-5 13-6 0-19 2-4 n 6-3
2 . . . 2230 4-121 3-247 0-624 0-091 Trace 0-159 78-7 15-1 2-2 0 4-0
3 . . . 1925 4-689 3-676 0-474 0-080 0 0-459 78-4 10-1 1-7 0 9-8
I. . . . 






3-177 0-330 0-096 0-047 0-030 0-217 81-5 8-4 2-4 1-2 0-7 5-8
II I .  . . . 250+ 7-168 6-118 0-350 0-161 0-059 0-149 0-331 85-3 4-8 2-2 0-8 2-0 4-9
IV. . . . 350 6-507 5-939 0-137 0-076 0-042 0-130 0-183 91-2 2-1 1-1 0-6 1-9 3-1
V. . . . 310 11-561 10-649 0-201 0-189 0-086 0-234 0-202 92-1 1-7 1-6 0-7 2-2 1-7
VI. . . . 225 8-190 7-377 0-195 0-157 0-050 0-140 0-271 90-0 2-3 1-9 0-6 1-7 3-5







as Percentage of 
Total Nitrogen.
1 . . . 5-191 0-345 0-345 0 6-6
2 . . . 4-121 0-245 + 0-245 Trace 5-9
3 . . . 4-689 0-216 0-216 0 4-6
I. . . . Urine con taminated.
11. . . . 3-897 0-208 0-127 0-081 5-3
III. . . . 7-168 0-562 0-160 0-402 7-8
IV.................. 6-507 0-462 0-113 0-349 7-1
V. . . . 11-561 0-864 0-232 0-632 7-4
V I. . . . 8-190 0-513 0-137 0-376 6-2
(20)
CHART I I .
A g ra p h ic  r e p r e s e n ta t i o n  o f  th e  i n t e r - r e l a t i o n s h i p s  
o f  th e  u r e a ,  ammonia, a m in o -a c id  and u n d e te rm in e d  
n i t r o g e n  e x c r e t io n  i n  E x p erim en t Ÿ.
U rea re p re se n te d  h y  
A m m on ia  
Am ino. A c id  ■ 













D ay 1 2  5
Control
u  m  IV VI
The s i z e  o f th e  c h a r t  i s  red u c ed  by le a v in g  o u t 
th e  m iddle p a r t  be tw een  10 p e r  c e n t and th e  lo w e s t 
p e rc e n ta g e  to  Which th e  u r e a  n i t r o g e n  f e l l .
(2 3 a )
E x p erim en t V I .
B la c k  R e t r i e v e r  B i tc h  ( V /e i^ t  2 0 .1  k i l o s . )
5 -5  0.0  o f a  2 .5  p e r  c e n t ,  s o l u t io n  h y d ra z in e  s 
s a lp h a te  i n j e c t e d  (= 70 mgrms. p e r  k i l o . )
S im i la r  symptoms m a n ife s te d  to  th o s e  i n  
E x perim en t 7 .
Bog found  dead on m orning  o f  f i f t h  day a f t e r  
i n j e c t i o n .
U rin e  o f  se c o n d , t h i r d ,  and f o u r t h  d ays showed 
t r a c e  o f  a lb u m in  and presence o f b i l e ,  b u t  no su g a r  
a c e to n e ,  o r  d i a c e t i c  a c id .
As i n  E xperim en t T . ,  th e  dog r e f u s e d  a l l  food from  



































































1-5 I 2-0 
1-5 ' 2-8
4-7 ' 2-5





2-6 j  4-3 
2-5 4-6







as Percentage of 
Total Nitrogen.
1 . . . 4-222 0-312 0-312 0 7-3
2 . . . 5-252 0-292 0-292 0 5-5
3 . . . 4-873 0-365 0-365 0 7-5
I Urine lost.
II. . . . 4-228 0 435 0-285 0-150 10-2
III. . . . 6-375 0-841 0-390 0-451 13-1
IV. . . . 7-926 0-881 0-351 0-530 11-1
(84)
E xperim en t 7 1 1 .
R e t r i e v e r  Bog (W eight 1 6 .5  k i l o s . )
S ix ty  0 . 0 . o f  a  2 .5  p e r  c e n t ,  s o l u t io n  h y d ra z in e  
s u lp h a te  i n j e c t e d  (« 90 mgrms. p e r  k i l o . )
B u rin g  th e  r e s t  o f  th e  day th e  dog w as v e ry  
r e s t l e s s  and vom ited  r e p e a t e d ly .  N ext m orning i t  was 
found i n  a  com atose c o n d i t io n ,  and showed symptoms o f 
n e rv o u s  i r i t a t i o n ,  th e r e  b e in g  a  s te a d y  rh y th m ic  a c t i o n  
o f  th e  l im b s , s im u la t in g  th e  a c t  o f  ru n n in g -  The dog 
was k i l l e d ,  and 65 c c .  o f u r i n e ,  o b ta in e d  d i r e c t l y  from  
th e  b la d d e r ,  w ere  d i l u t e d  up  to  200 c . c .  S p e c i f i c  
g r a v i t y  1024 . No p r o t e i n ,  s u g a r  o r  b i l e ,  and no 
a c e to n e  o r  d i a c e t i c  a c id  d e te c t e d .
llli
P ercentage 
of Total N itrogen.
Day.
! it ll 11c z ;
Is
II 11o S !l it %i
li
llIIllo S II
1 . . . . 1150 4-937 4-117 0-385 0-025 0-105 0-008 0-297 83-4 7-8 0-5 2-1 0-T 6-1t . . .  . 980 4-141 3-402 0-268 0-114 0 82-0 6-4 2-7 0
3 . . .  . 1020 4-226 3-570 0-287 0-014 0-120 0 0-235 84-5 6-7 0-3 2-8 0 5-7





d  d irec 
1-677











81-2 7-3 4-9 1-5 0-7 4-4








as Percentage of 
Total Nitrogen.
1 . . . . 4-937 0-303 0-283 0-020 6-1
2 . . . . ,4-141 0-306 0-306 0 7-3
4-2-26 0-321 0-321 7-6
I .................... 2-066 0-124 0-086 0-038 6-0
(25)
SUMMARY MB DISCUSSION OP RESULTS
A. E x p erim e n ts  w ith  Sub l e t h a l  d o s e s .
T o ta l  N i t r o g e n , -  A l l  th e  e x p e r im e n ts  show a  
m arked in c r e a s e  i n  th e  t o t a l  n i t r o g e n  a f t e r  h y d ra z in e  
i n j e c t i o n ,  a l th o u g h  no fo o d  was ta k e n  b e fo r e  th e  f o u r th  
d a y . T h is  in c r e a s e  i s  m ost marked on th e  t h i r d  
and f o u r t h  d a y s , a f t e r  w hich  th e r e  i s  a  g ra d u a l  f a l l ,  
b u t  th e  f i g u r e  u s u a l ly  rem a in s  somewhat h ig h e r  th a n  
i t  was d u r in g  th e  c o n t r o l  p e r io d .
U rea  N itro g e n . -  T here i s  a lw ay s an a b s o lu te  
in c r e a s e  i n  th e  t o t a l  amount e x c re te d  d u r in g  th e  e x p e r im e n t , 
w h ile  th e  p e rc e n ta g e  of u r e a  n i t r o g e n  to t o t a l  n i t r o g e n  
i s  s l i g h t l y  h ig h e r  t h a n ,  and  n e v e r f a l l s  b e lo w , th e  
f i g u r e s  f o r  th e  c o n tr o l  p e r io d .
Ammonia N i t r o g e n . -  In  E x p erim en ts  I .  and I I .  
th e  t o t a l  am ounts a re  s l i g h t l y  in c r e a s e d ,  b u t  i n  I I I  and 
IV . th e  f i g u r e s  a r e  somewhat low er th a n  th o s e  o f  th e  
c o n t r o l .  A ll  o v e r , how ever, t h e  p e rc e n ta g e  o f ammonia 
n i t r o g e n  to  t o t a l  n i t r o g e n  shows a  ten d en cy  to  f a l l  
d u r in g  th e  h è ig h t  o f th e  t o x i c  sym ptom s, g r a d u a l ly  
r i s i n g  a g a in  by th e  l a s t  day r e c o rd e d .  I n  E x p erim en t 1 7 . 
th e  d im in u tio n  i n  th e  p e rc e n ta g e  f i g u r e  i s  q u i te
(26)
t in e q u iv o e a l ,  and i s  com parab le  to t h a t  o b ta in e d  i n  
th e  s ix -d a y  l e t h a l  e x p e rim e n t (E x p erim en t 7 .  )
Amino-Ac id  N it ro g e n . -  As m en tioned  a b o v e , th e  
e x c r e t i o n  on th e  c o n tr o l  d ays shows some d i s p a r i t y .
I n  E x p erim en ts  I . ,  I I . ,  and 1 7 . an  a v e ra g e  o f  0 .0 6  grm . 
i s  fo u n d , w h ile  i n  I I I .  no e x c r e t io n  i s  r e c o r d e d .  A l l  
t h e  e x p e r im e n ts ,  how ever, show s im i l a r  r e s u l t s  a f t e r  
h y d ra z in e  i n j e c t i o n .  T here  i s  a lw ay s a  d e f i n i t e  
in c r e a s e  d u rin g  th e  t o x ic  p e r io d  b o th  i n  th e  t o t a l  
amount and i n  th e  p e rc e n ta g e  o f t o t a l  n i t r o g e n .
P refo rm ed  C r e a t in in  N itro g e n . -  I n  I .  and I I  
th e  t o t a l  am ounts rem ain  f a i r l y  c o n s tan t? , w h ile  i n  
I I I .  and 1 7 . th e r e  i s  a  d i s t i n c t  f a l l .  T here i s  a lw ays 
a  d e c re a se  i n  th e  p e rc e n ta g e  o f c r e a t i n i n  n i t r o g e n  
to  th e  t o t a l  n i t r o g e n .
C re a t in .  : N i t r o g e n . -  C r e a t in  i s  found o n ly  
o c c a s io n a l ly  and i n  th e  m e re s t t r a c e s  d u r in g  th e  c o n t r o l  
d a y s . Prom th e  second day a f t e r  th e  i n j e c t i o n  o f  
h y d ra z in e  th e r e  i s  a lw ays a  c o n s id e ra b le  o u tp u t ,  e q u a l  
to  1 to  2 p e r  c e n t ,  o f  th e  t o t a l  n i t r o g e n -  I n  I I I  
i t  o n ly  a p p e a rs  on two d a y s , a t  th e  h e ig h t  o f th e  
to z m n ia , b u t  i n  th is  dog th e  m e ta b o lic  d i s tu r b a n c e s  
a re  l e s s  marked th an  i n  th e  o t h e r s .
U ndeterm ined  N i t ro g e n . -  A l l  th e  e x p e rim e n ts  
te n d  to  show an in c r e a s e  i n  th e  v a lu e s  re c o rd e d  d u r in g
(27)
th e  f i r s t  few  days a f t e r  i n j e c t i o n ,  no d e f i n i t e  v a r i a t i o n  
i n  th e  p e rc e n ta g e  o f  u n d e te rm in e d  n i t r o g e n  to  t o t a l  
n i t r o g e n  i s  to  be n o te d .  T here  i s ,  how ever, a  q u i te  
d e f i n i t e  r i s e  i n  th e  o u tp u t  o f  u n d e te rm in e d  n i t r o g e n ,  a s  
a ls o  i n  t h a t  o f  th e  a m in o -a c id  n i t r o g e n ,  c o in c id e n t  w i th  
th e  f a l l  i n  th e  p e rc e n ta g e  o f  u r e a  n i t r o g e n  to  th e  t o t a l  
n i t r o g e n ,  w hich o c c u rs  im m e d ia te ly  a f t e r  th e  h y d ra z in e  
i n j e c t i o n .
B. E x p erim en ts  w ith  L e th a l  D o s e s .
The e x p e rim e n ts  g iv e  r e s u l t s  show ing s i m i l a r  c h a n g e s , 
b u t  to  a  more marked d e g re e  th a n  w ith  th e  n o n - l e t h a l  d o s e s .  
As r e g a r d s  th e  u rea-am m onia  r e l a t i o n s h i p  i n  V I . and V I I . ,  
th e  r e s u l t s  a r e  i n  a c c o rd a n c e  w i th  th o s e  o f  th e  non**fata l 
d o s e s ,  th e  u r e a  p e rc e n ta g e s  b e in g  v e ry  l i t t l e  a f f e c t e d ,  
w h ile  th e  ammonia f i g u r e s  show a  s l i g h t  f a l l .  I n  7 . ,  
how ever, t h e r e  i s  a  v e ry  m arked r i s e  i n  th e  u r e a  n i t r o g e n ,  
from  78 p e r  c e n t to  90 p e r  c e n t ,  o f  th e  t o t a l  n i t r o g e n ;  
w h ile  th e  ammonia f a l l s  c o n s id e r a b ly ,  r e a c h in g  2 .1 ,  1 .7 ,  
and 2 .3  p e r  c e n t ,  on th e  f o u r t h ,  f i f t h , a n d  s i x t h  d ays 
r e s p e c t i v e l y .
The a m in o -ac id  in c r e a s e  i s  more m arked th a n  i n  th e  
s u b - l e th a l  e x p e r im e n ts . The c r e a t i n  n i t r o g e n  shows 
a  s i m i l a r  i n c r e a s e ,  w h ile  th e  v a lu e s  f o r  c r e a t i n i n  a r e  
u s u a l ly  low er th a n  d u r in g  th e  c o n t r o l  p e r io d .
(28)
DISCUSSION OP RESUIÆS.
T o ta l N i t ro g e n . -  i n  a l l  th e  e x p e rim e n ts  t h e r e  was 
a  d e f i n i t e  in c r e a s e  i n  th e  e x c r e t io n  o f  t o t a l  n i t r o g e n  
e x c e p t on th e  second d a y , when th e  low  o u tp u t  o f t e n  
re c o rd e d  i s  d o u b t le s s  a s s o c ia t e d  w ith  th e  d i f f i c u l t y  o f  
c o m p le te ly  c o l l e c t i n g  th e  u r in e  on t h a t  day# i n  th e  
e x p e rim e n ts  w i th  th e  s u b l e th a l  d o se s  th e  i n c r e a s e  was 
c o n fin e d  to  th e  d ay s o f  m ost marked sym ptom s, and was 
fo llo w e d  by a  g ra d u a l  r e t u r n  to  th e  n o rm a l. I n  E x p erim en t 
I ? # ,  w here th e  l a r g e s t  s u b l e th a l  dose was g iv e n , th e  
in c re a s e d  o u tp u t o f  t o t a l  n i t r o g e n  l a s t e d  u n t i l  th e  s i x t h  
d a y , th e  a v e ra g e  e x c r e t io n  from  th e  second t i l l  th e  s i x t h  
b e in g  a s  h ig h  a s  1 0 .7  g rm s. a s  compared w i th  6 .1  g rm s. 
d u r in g  th e  c o n t r o l  p e r io d ,  i t  i s  to  be n o te d  t h a t  no 
food  was ta k e n  u n t i l  th e  f i f t h  d a y , and th e n  i t  o n ly  
am ounted to  h a l f  o f  t h a t  in g e s te d  b e fo r e  th e  i n j e c t i o n  o f  
th e  h y d ra z in e . Where a  l e t h a l  d o se  was a d m in is te r e d ,  th e  
in c r e a s e  i n  t o t a l  n i t r o g e n  became p r o g r e s s iv e ly  l a r g e r , 
a lth o u g h  no food a t  a l l  was consum ed. Thus i n  V . , w h ile  th e  
a v e ra g e  d u rin g  th e  c o n t r o l  d ays was 4 .6  g r m s . , a f t e r  th e  
i n j e c t i o n  o f h y d ra z in e  i t  was 7 .4  g r m s . , th e  h ig h e s t  
e x c r e t io n  re c o rd e d  b e in g  1 1 .5  grm s. on th e  day b e fo r e  d e a th .
U n d e rh i l l  and X le in e r  (1909/ r e c o rd  a  s i m i l a r  i n c r e a s e  i n  
t o t a l  n i t r o g e n j  w h ile  i n  M endel and R o s e 's  (1 9 1 1 )e x p e r im e n ts  
on  p hospho rus p o is o n in g ,  w here l e s io n s  i n  th e  l i v e r
(29)
t i s s u e ,  i n  a d d i t i o n  to  d is tu r b a n c e s  o f th e  g ly c o g e n ic  
f u n c t io n ,  a r e  v e ry  m ark ed , l a r g e  e x c r e t io n s  o f  n i t r o g e n ,  
a s  com pared w ith  th e  o u tp u t  d u r in g  s im p le  f a s t i n g ,  o c c u r .
The p r o t e i n  o f  l i v e r  t i s s u e  may be  a  so u rc e  o f  t h i s  
n i t r o g e n ,  w h ile  th e r e  i s  a ls o  e v id e n c e  o f c o n s id e ra b le  
breakdow n o f m uscle  p r o t e i n ,  ( p . p . 4 2 -4 4 . j The cau se
o f  t h i s  r a p id  k a ta b o lis m  i s  s t i l l  u n c e r t a i n .  Prom a  
c o n s id e r a t io n  o f th e  s m a ll  i n c r e a s e  i n  th e  t o t a l  n i t r o g e n  
o u tp u t d u r in g  m u sc u la r a c t i v i t y ,  p ro v id e d  t h a t  th e  su p p ly  
o f oxygen and c a rb o h y d ra te s  w ere a d e q u a te ,  ITo'él B a ton  (1005) 
su g g e s te d  t h a t  i n  th e  k a ta b o lis m  o f  m uscle  th e  n i t r o g e n  
c o n ta in in g  p a r t  o f  th e  p r o t e i n  m o lecu le  c o u ld  be 
r e s y n th e t i s e d  i f  s u f f i c i e n t  c a rb o h y d ra te  w ere a v a i l a b l e ,  
and hence  t h a t  u n d e r  su c h  c o n d i t io n s  a  c o m p a ra tiv e ly  
sm a ll  su p p ly  o f  p r o t e in  was n e c e s s a ry  f o r  o r d in a r y  
m usc le  m e tab o lism . C ogent e v id e n ce  i n  su p p o r t o f 
t h i s  h y p o th e s is  has b een  fu rn is h e d  by C a th c a r t  (1909) 
a s  th e  r e s u l t  o f h is  i n v e s t i g a t i o n s  on th e  o u tp u t  o f 
t o t a l  n i t r o g e n  u n d e r th e  in f lu e n c e o f  d i f f e r e n t  d i e t s .
He co n c lu d es  t h a t  " c a rb o h y d ra te s  a r e  a b s o lu te ly  e s s e n t i a l  
f o r  i n t r a c e l l u l a r  s y n th e t i c  p ro c e s s e s  i n  c o n n e c tio n  w i th  
p r o t e i n  m e tab o lism " , and t h a t , i f  th e  g ly c o g e n ic  power 
o f  th e  l i v e r  i s  im p a ire d ^ a n  i n s u f f i c i e n t  su p p ly  o f  su g a r  
w i l l  be a v a i la b l e  f o r  p r o t e i n  s y n t h e s i s ,  and hence  an  
in c re a s e d  e x c r e t io n  o f n i t r o g e n  w i l l  r e s u l t .  T hat su c h
(So)
an  im pa irm en t o f  g ly c o g e n ic  f u n c t io n  and c o n se a u e n t 
u p s e t t i n g  o f  th e  c a rb o h y d ra te  m e ta b o lism  o c c u rs  a f t e r  
th e  i n j e c t i o n  o f  h y d ra z in e  i s  shown by th e  h i s t o l o g i c a l  
f i n d in g s  o f  e x te n s iv e  d e g e n e ra t iv e  and n e c r o t i c  changes
i n  t h e  l i v e r  parenchym a, a s  w e l l  a s  by  th e  c o n d i t io n  o f
(2cf)
hypoglyoaania , w hich  U n d e r h i l l  (1911) found  i n v a r i a b l y
to  accom pany h y d ra z in e  p o is o n in g .
U rea  N itro g e n  and Ammonia N i t r o g e n . -  V a r io u s
h y p o th e s e s , a s  d e s c r ib e d  i n  th e  I n t r o d u c t io n  p . p . 5 - 8 ,  ,
have been  p u t fo rw ard  to  a c c o u n t f o r  th e  g r e a t  d i v e r s i t y
i n  th e  r e s u l t s  w hich  have been  o b ta in e d  i n  th e
e s t im a t io n  o f  b o th  th e  r e l a t i v e  and a b s o lu te  am ounts o f
u r e a  and ammonia e x c re te d  i n  h e p a t ic  a f f e c t i o n s .  The
im p o rtan c e  o f  th e  h ig h  ammonia v a lu e  o b ta in e d  i n  l i v e r
d i s e a s e  i s  d is c o u n te d  by  th e  c o n s ta n t  p re s e n c e  o f  th e
f a c t o r  o f  a c i d o s i s .  T h is  c r i t i c i s m  h a s  b een
con firm ed  by th e  r e s e a r c h e s  o f  W illiam s (1906) and 
b )
W olf (1 9 0 6 ) , th e  l a t t e r  o f  whom s u g g e s ts  t h a t  t h i s  
d i f f e r e n c e  i n  ammonia o u tp u t depends on th e  amount o f  
r e s e r v e  f a t  s to r e d  i n  th e  i n d iv i d u a l ,  s in c e  i t  i s  known 
t h a t  an e x c e ss  o f body f a t  l e a d s  to  th e  e x c r e t io n  o f  
a c i d s ,  w ith  a  o o r re s p o n iin g  r i s e  i n  th e  u r i n a r y  ammonia 
c o n te n t .
(S)
On th e  o th e r  hand Ewing (1908) h o ld s  t h a t  th e  
e x p la n a t io n  o f  th e  in c re a s e d  ammonia e x c r e t io n  i s  to  be
(31)
found  i n  th e  d im in ish e d  s y n th e s i s  o f  ammonia i n to  u r e a  -  
a  m e ta b o lic  d is tu r b a n c e  due to  d i s o r d e re d  h e p a t ic  f u n c t io n  
to  w hich  th e  c o e x i s t e n t  a c i d o s i s  i s  a ls o  se c o n d a ry -
(j o )
F i n a l l y  we have d e s c r ib e d  how P e a rc e  and Ja c k so n  (1907) 
from  t h e i r  i n v e s t i g a t i o n s  on l i v e r  n e c r o s i s  p roduced  by 
i n j e c t i o n s  o f  h san o ly tio  s e r a  e x p la in  th e  o c c u rre n c e  o f  
th e  two d i s t i n c t  u r in a r y  c h em ic a l p i c t u r e s  a s  d e p en d e n t 
on th e  d iv e r s e  ty p e s  o f  h e p a t ic  l e s i o n  p ro d u c e d , and 
h i s t o l o g i c a l l y  d e m o n s tra te d .
I n  th e  l i g h t  o f  th e s e  f in d in g s  th e  r e s u l t s  
re c o rd e d  i n  t h i s  p a p e r  a r e  i n t e r e s t i n g .  The u r e a  
p e rc e n ta g e  i n  none o f th e  e x p e rim e n ts  f e l l ;  on th e  
c o n t r a r y ,  t h e r e  was i n  some a  te n d e n c y  to  r i s e ,  w h ile  
i n  th e  l e t h a l  E xperim en t V . t h e r e  was a  m arked in c r e a s e  
from  78 p e r  c e n t ,  d u r in g  th e  c o n t r o l  p e r io d  to  90 p e r  
c e n t . ,  w h ile  i n  th e  s u b le th a l  E x p erim en t 17 - i t  r o s e  to  
87 p e r  c e n t ,  a s  compared w ith  83 p e r  c e n t ,  d u r in g  th e  
days p re c e d in g  i n j e c t i o n .  The ammonia o u tp u t 
g e n e r a l ly  rem ained  f a i r l y  c o n s ta n t ,  b u t  i n  E x perim en t 7* 
i t  showed a marked f a l l ,  from  1 3 .5  p e r  c e n t ,  d u r in g  th e  
c o n t r o l  days to  4 .E  p e r  c e n t ,  a f t e r  h y d ra z in e ,  w h ile  
on  th e  day b e fo re  d e a th  i t  re a c h e d  1 -7  p e r  c e n t -  I t  
may be n o te d  t h a t  th e  u r e a  was r a t h e r  low  and th e  ammonia 
h ig h  f o r  th e  norm al dog d u r in g  th e  c o n t r o l  p e r io d .
T h is ,  how ever, r a t h e r  te n d s  to  a c c e n tu a te  th e  rem aâab le
(32)
n a tu r e  o f  th e  r e s u l t s ,  f o r  i t  o f f e r s  no e x p la n a t io n  . 
f o r  t h i s  m arked f a l l  i n  ammonia a f t e r  th e  a d m in i s t r a t io n  
o f  a  t o x ic  d ru g . l i k e w i s e ,  i n  E xperim en t 1 7 . ,  w here 
a  l a r g e  dose  (0 .0 7  grm . p e r  k i l o ,  body w e ig h t ) ,  w h ich  d id  
n o t p ro v e  f a t a l ,  was a d m in is te r e d ,  th e  ammonia p e rc e n ta g e  
o f  th e  t o t a l  n i t r o g e n  f o r  th e  f i r s t  s i x  d ay s a f t e r  
h y d ra z in e  i n j e c t i o n  av e rag ed  3 p e r  c e n t .  I n  none o f  th e  
e x p e rim e n ts  wore a c e to n e  o r  d i a c e t i c  a c id  e v e r  o b ta in e d  
i n  th e  u r i n e ,  so t h a t  p ro b a b ly  no ammonia was r e q u i r e d  
f o r  th e  n e u t r a l i s a t i o n  o f  a c i d s .  I t  i s ,  how ever, to  
be  remembered t h a t  th o s e  s u b s ta n c e s  -  a ce to n e  and 
d i a c e t i c  a c id  -  a r e  se ldom , i f  e v e r ,  found  i n  d o g 's  u r i n e ,  
even  u n d e r c o n d i t io n s  com parab le  to  t h a t  o f  a c i d o s i s -  
As th e  dogs re fu s e d  a l l  food i n  th e  f a t a l  
e x p e r im e n ts , and n e v e r  p a r to o k  o f  e i t h e r  p o r r id g e  o r  
m ilk  b e fo re  th e  f o u r th  day a f t e r  h y d ra z in e  i n j e c t i o n  
i n  th e  s u b le th a l  e x p e r im e n ts , th e  s t a r v a t i o n  f a c t o r  
h as  to  be c o n s id e re d . U n d e r h i l l  and K le in e r  (1909) 
re c o rd  th e  r e s u l t s  o f th e  n i t r o g e n  p a r t i t i o n  o f  th e  
u r in e  d u r in g  th e  f a s t  o f  a  dog f o r  tw e lv e  d a y s . T h e ir  
f i g u r e s  show a  s l i g h t l y  in c r e a s e d  ammonia n i t r o g e n  
p e r-  c e n ta g e , and C o r r e s p o n d in g ly  d e c re a se d  u r e a  
p e rc e n ta g e  compared w ith  th e  t o t a l  n i t r o g e n ,  w h ile  i n  
th e  one ex p erim en t which, th e y  re c o rd  on th e  changes i n
(33)
th e  n i t r o g e n  d i s t r i b u t i o n  d u r in g  h y d ra z in e  n o is o n in g , 
a  lo w er o u tp u t  o f  ammonia and h ig h e r  o u tp u t  o f u r e a  
was o b ta in e d  th a n  i n  th e  same dog d u r in g  s t a r v a t i o n .  
L ik e w ise , i n  acc o rd a n o e  w i th  th e  r e s u l t s  re c o rd e d  i n  t h i s  
p a p e r ,  t h e r e  i s  a  m arked f a l l  i n  th e  ammonia p e rc e n ta g e  
o f  t o t a l  n i t r o g e n ,  w h ile  th e  u r e a  p e rc e n ta g e  a ls o  f a l l s  
to  a  s l i g h t  e x te n t  •
A l l a n t o i n . -  I n  th e  p r o t o c o l s , a l l a n t o i n  i s  
in c lu d e d  i n  th e  u r e a  c o n te n t .  On th e  o c c a s io n s  on 
w h ich  i t  was s e p a r a t e ly  e s t im a te d  by th e  method d e s c r ib e d  
a b o v e , th e  e x c r e t io n  a f t e r  h y d ra z in e  i n j e c t i o n  d id  n o t 
show any p r o p o r t io n a te  i n c r e a s e ,  when due a llo w a n c e  was 
made f o r  th e  amount found to  be e x c re te d  i n  f a s t i n g  a lo n e .  
T h is  c o r ro b o ra te s  th e  f in d in g s  o f  U n d e r h i l l  and K le in e r ,  
who f i r s t  p o in te d  o u t th e  in c r e a s e d  e x c r e t io n  o f  th e  
s u b s ta n c e  i n  s t a r v in g  d o g s , and who co n c lu d e  t h a t  
" h y d ra z in e  h as  no s p e c i f i c  a c t i o n  i n  c a u s in g  an 
e l im in a t io n  o f  a l l a n t o i n .
Amino-Acid N i t r o g e n . -  From o u r  re v ie w  o f  p re v io u s  
work on th e  s u b je c t  (s e e  I n t r o d u c t io n  p .8-10) i t  h a s  b e en  
se en  t h a t  th e  t o t a l  a m in o -ac id  c o n te n t  o f  th e  u r i n e , a s  
d i s t in g u is h e d  from  th e  e s t im a t io n  o f  in d iv id u a l  a m in o -a c id s^  
a p p e a rs  to  be o f c o n s id e ra b le  d ia g n o s t ic  im p o rt i n  l i v e r  
a f f e c t i o n s .  T his o b s e rv a t io n  o f  F re y  h a s  b een  co n firm ed  
by th e  r e s u l t s  o f th e  p r e s e n t  e x p e r im e n ts ;  f o r ,  o f  th e
(34)
changes p roduced  hy h y d r a z in e , th e  i n c r e a s e  i n  am ino- 
a c id  n i t r o g e n  i s  th e  m ost m arked and m ost c o n s ta n t  
f e a t u r e .  I n  th e  s u b le th a l  e x p e r im e n ts  th e  a b s o lu te  
i n c r e a s e  i s  som etim es s m a l l ,  b u t  when com pared w ith  
th e  v a lu e s  f o r  th e  c o n t r o l  p e r io d ,  o r  c o n s id e re d  a s  
p e rc e n ta g e  o f  th e  t o t a l  n i t r o g e n ,  th e  r i s e  i s  q u i te  
a p p r e c i a b le .  I n  E x p erim en t V I . ,  on th e  second  and
t h i r d  days i t  i s  e q u a l to  5 p e r  c e n t ,  o f  th e  t o t a l  n i t r o g e n ,  
w h ile  on th e  l a t t e r  day  th e  o u tp u t  i s  g r e a t e r  th a n  
t h a t  o f  th e  ammonia. T h is in c r e a s e  i s  a lw ay s found  
v e ry  soon  a f t e r  th e  h y d ra z in e  i n j e c t i o n ;  in d e e d , i t  i s  
i n v a r i a b ly  th e  e a r l i e s t  abnorm al r e l a t i o n s h i p  to  make 
i t s  a p p e a ra n c e . The p e rc e n ta g e  in c r e a s e  i s  m ost 
maîcked on th e  second and t h i r d  d ay s and d e f i n i t e l y  
p recedes th e  r i s e  i n  t o t a l  n i t r o g e n ,  f o r  w ith  th e  in c r e a s e d  
o u tp u t  o f  t o t a l  n i t r o g e n  th e  a m in ô -a c id  p e rc e n ta g e  i s  
a lw ays found to  d e c r e a s e ,  a lth o u g h  th e  t o t a l  amount 
e x c re te d  i s ,  i f  a n y th in g , in c r e a s e d .  I n  V I I . ,  i n  th e  
u r in e  o f th e  f i r s t  d a y , th e  a m in o -ac id  c o n te n t  i s  e q u a l 
to  4 .9  p e r  c e n t ,  o f  th e  t o t a l  n i t r o g e n  a s  compared w ith
0 .4  p e r  c e n t ,  d u r in g  th e  c o n tr o l  d a y s , w h ile  i n  b o th  
V . and V I . th e  in c r e a s e  i s  m arked .
I f  one a c c e p ts  th e  d e a m in is a t io n  h y p o th e s is ,  t h i s  
in c r e a s e d  a m in o -ac id  e x c r e t io n  i s  due to  th e  a m in o -a c id s  
w hich  r e s u l t  from  th e  k a ta b o l ic  p ro d u c ts  o f  th e  p r o t e i n
(35)
o f  th e  t i s s u e s  e sc a p in g  x in d eam in ised , p resu m ab ly  from
th e  l i v e r .  The f a c t  t h a t  th e  a m in o -ac id  e x c r e t i o n  i s
g r e a t e s t  so soon  a f t e r  th e  o n s e t  o f  sym ptom s, and b e fo r e
th e  l i v e r  i s  c a l l e d  upon  to  d e a l  w i th  th e  n i t r o g e n
r e s u l t i n g  from  th e  g r e a t l y  in c r e a s e d  p r o t e i n  k a ta b o l is m ,
p o in t s  to  th e  com pensa to ry  f u n c t i o n a l  h y p e r tro p h y  o f
th e  re m a in in g  f u n c t io n in g  h e a l th y  l i v e r  parenchym a.
I n  s p i t e  o f  t h i s  a p p a r e n t ly  m arked in c r e a s e  i n  a m in o -a c id
o u tp u t ,  i t  i s  t o  be n o te d  t h a t  i t  b e a r s  a  v e r y  sm a ll
p ro p o r t io n  to  th e  t o t a l  u r e a  and ammonia e x c r e t i o n ,  w h ich
a t  th e  same tim e  te n d s  to  in c r e a s e  r a t h e r  th a n  f a l l ;
w h ile  th e  te n d e n c y  o f  r e c e n t  work g oes to  show t h a t  th e
d e g re e  o f  d e a m in is a t io n  w hich  ta k e s  p la c e  i s  p ro b a b ly
much l e s s  m arked th a n  was fo rm e r ly  th o u g h t .  H e n c e ,th e re
i s  th e  p r o b a b i l i t y  t h a t  th e  a m in o -a c id  e x c r e t io n  w i l l  be
found n o t to  be o f  g r e a t  im p o rtan c e  from  th e  p o in t  o f
v iew  o f m e tab o lism , a l th o u g h , a s  a  p o s s ib le  t e s t  o f  l i v e r
i n e f f i c i e n c y  a s  bo rn e  o u t by  th e  r e s u l t s  o f  th e  p r e s e n t
e x p e r im e n ts , i t  may be o f c o n s id e ra b le  v a lu e .
th e
The r e l a t i o n s h i p  o f /a m in o -a c id  n i t r o g e n  to  th e  
u n d e te rm in ed  n i t r o g e n  i s  i n t e r e s t i n g ,  i n  c o n s id e r a t io n  o f  
th e  f a c t  t h a t  th e  a m in o -a c id s  w ere fo rm e r ly  c o n s id e re d  to  
f o m  th e  b u lk  o f th e  u n d e te rm in ed  n i t r o g e n  r e s i d u e .
The l a t t e r ,  i n  a l l  th e  e x p e r im e n ts , e x c e p t
(36)
i n  I I  and V I . , fo rm s an  in c r e a s e d  p e rc e n ta g e  o f  th e  
t o t a l  n i t r o g e n  and i s  u s u a l ly  h ig h e s t  on th e  second  
o r  t h i r d  day  a f t e r  h y d ra z in e  i n j e c t i o n ,  when o f t e n  
th e  h ig h e s t  p e rc e n ta g e  o f  a m in o -a c id s  i s  a ls o  r e c o rd e d .
I t  i s  o f  i n t e r e s t  to  n o te  t h a t  t h i s  in c r e a s e d  p e rc e n ta g e  
v a lu e  f o r  b o th  a m in o -ac id  n i t r o g e n  and u n d  e te rm in e d  
n i t r o g e n  c o in c id e s  w ith  th e  s l i g h t l y  d im in ish e d  u r e a  
p e rc e n ta g e  o f  th e  t o t a l  n i t r o g e n  w hich  im m e d ia te ly  
fo l lo w s  h y d ra z in e  i n j e c t i o n .  A h ig h  undeji^term ined 
n i t r o g e n  v a lu e  c a n , how ever, be a c c o u n te d  f o r ,  a p a r t  
from  th e  p re s e n c e  o f  a m in o -a c id s ,  e s p e c i a l l y  i n  o a se s  
o f  n e c r o s i s .  The r e s id u e  re m a in in g  a f t e r  e x t r a c t i o n  
w ith  a b s o lu te  a lc o h o l  and am m oniacal a lc o h o l  i s  u s u a l ly  
v e ry  sm a ll  i n  am ount, b u t  i n  th e  c a se  o f  n e c r o t i c  t i s s u e s  
t h i s  amount i s  m arked ly  in c r e a s e d .  S a lk o w sk i (1905)^^^ 
found t h a t  t h i s  n i t r o g e n  i n  th e  u r in e  o f  c a se  o f  a c u te  
y e llo w  a tro p h y  form ed 20 p e r  c e n t ,  in s t e a d  o f  a  no rm al 
3 to  4 p e r  c e n t . ,  w h ile  no c r y s t a l s  o f  le u c in e  o r  t y r o s in e  
c o u ld  be fo u n d . T h is " c o l l o i d a l  n i t r o g e n "  w hich  
c o n s i s t s  c h ie f ly  o f  p r o te o s e s ,  i s  w hat one would e x p e c t 
a s  th e  r e s u l t  o f  e u t c l y t i c  c h an g e . The rem oval o f  su c h  
p ro d u c ts  by way o f  th e  b lo o d  s tre a m  le a d s  to  a n  in c r e a s e  
i n  th e  u r in e  o f  th e  u n d e te rm in e d  n i t r o g e n  r e s id u e  -  an  
i n c r e a s e  w hich u se d  to  be  a s c r ib e d  to  a m in o -a c id s .  JSo
(37)
p r e c i p i t a t e  o f  any im p o r ta n c e , how ever, was found a f t e r  
th e  a d d i t i o n  o f  am m oniacal a lc o h o l  i n  th e  c o u rse  o f  th e  
p r e s e n t  e x p e r im e n ts .
C r e a t in  and c r e a t i n i n . -  Eome r e c e n t  w o rk e rs  have 
u rg e d  th e  im p o rtan c e  o f  h e p a t ic  a c t i v i t y  i n  th e  m e tab o lism  
o f  th e s e  s u b s ta n c e s .  As m en tioned  ab o v e , a c c o rd in g  to  
th e  i n v e s t i g a t i o n s  o f M ellan b y  and Van Hoogenhuyze and 
V erp loegÂ ]^^he  c r e a t i n i n  o u tp u t  b o th  i n  h e p a t i c  c i r r h o s i s  
and i n  carc inom a o f  th e  l i v e r  i s  g r e a t l y  r e d u c e d , w h ile  
i n  th e  l a t t e r  c o n d i t io n  l a r g e  q u a n t i t i e s  o f  c r e a t i n
I
a p p e a r  i n  th e  u r i n e .  F u r th e r  M ellanby  c o n c lu d e s  " I n  th e  
fo rm a tio n  o f  c r e a t i n i n  m uscle  p la y s  a  sm a ll  p a r t " ,  and 
" th e  l i v e r  i s  in t im a te ly  co n n ec te d  w ith  th e  p ro d u c t io n  o f 
c r e a t i n  and e x c r e t io n  o f  c r e a t i n i n " .
B ut c a s e s  o f  c i r r h o s i s  o f  th e  l i v e r  a r e  f a r  from  
b e in g  th e  o n ly  c a se s  o f  low  c r e a t i n i n  e x c r e t i o n .  In d e e d , 
th e  e x c r e t io n  o f  an  a b n o rm a lly  s m a ll  amount i s  p e c u l i a r  
to  no one s p e c i a l  d i s e a s e ,  b u t  may be p r e s e n t  i n  v e ry  
d iv e r s e  c o n d i t io n s ,  e . g . ,  v a r io u s  anaanias and m u sc u la r  
a t r o p h i e s .  S h a f f e r  (1908^ h o ld s  t h a t  c r e a t i n i n  i s  n o t  
an  in d e x  o f  t o t a l  endpgenous p r o t e i n  k a ta b o lis m , b u t  o f 
t h a t  p a r t  o f endogenous m etab o lism  w hich i s  an  
e x p re s s io n  o f  m uscle  " to n u s"  o r  e f f i c i e n c y ,  so t h a t  
th e  amount o f c r e a t i n i n  n i t r o g e n  p e r  k i l o  body w e ig h t 
shows a  d i r e c t  p a r a l l e l i s m  to  th e  m u sc u la r  developm ent
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o r  s t r e n g t h .  T hus, i n  ex o p h th a lm ic  g o i t r e ,  w here th e  
g e n e r a l  m e ta b o lic  p ro c e s s e s  a r e  e x c e s s iv e ly  a c t i v e ,  t h e r e  
i s  a  low  c r e a t i n i n  e x c r e t i o n ,  w hich  S h a f f e r  c o r r e l a t e s  
w ith  th e  lim p  and to n e l e s s  c o n d i t io n  o f  th e  m u sc le s .
I n  c o n n e c tio n  w ith  t h i s  v iew  o f  c r e a t i n i n  m e ta b o lism , 
i t  i s  i n t e r e s t i n g  to  n o te  t h a t  i n  th e  c a se  o f  m y o to n ia  
c o n g e n ita  r e p o r te d  by r i n d l a y  (1 9 1 2 ) , w here th e  m u sc le s  
w ere i n  a  c o n d i t io n  o f  marked to n u s  a s  shown by b o th  
p h y s ic a l  and e l e c t r i c a l  modes o f  e x a m in a tio n , i  found 
t h a t  th e  u r i n e  o f  th e  m an, who was on a  c r e a t i n - f r e e  
d i e t ,  had p e r  diem  a  l a r g e  c r e a t i n i n  c o n te n t ,  th e  
c r e a t i n i n  c o e f f i c i e n t  ( c r e a t i n i n  n i t r o g e n  p e r  k i l o  o f  
body w e ig h t ) , w hich  n o rm a lly  a v e ra g e s  5 to  9 , b e in g  
found to  l i e  be tw een  12 and 1 4 . r u r t h e r ,  P e k e lh a r in g  
(1911) found a  r i s e  i n  th e  o u tp u t o f c r e a t i n i n  when 
m uscle  to n u s  was r a i s e d ,  w h ile  th e r e  was no such  in c r e a s e  
a f t e r  th e  in c re a s e d  m u scu la r c o n t r a c t io n  o c c a s io n e d  by a  
w alk  o f 20 k i lo m e t r e s .  fie concluded  t h a t  t h e r e  was 
q u i te  a  d i s t i n c t  d i f f e r e n c e  be tw een  th o s e  two m e ta b o lic  
p ro c e s s e s  o c c u r r in g  i n  m u sc le - S p r ig g s  (1907) r e c o rd s  
c a s e s  o f  p ro g re s s iv e  m u sc u la r a tr o p h y ,  amg^bonia c o n g e n ita  
and m y as th en ia  g r a v is  -  c o n d i t io n s  a s s o c ia t e d  w i th  
m u scu la r w a s tin g  and la c k  o f  " to n u s " ,  i n  a l l  o f  w hich  
th e  e x c r e t io n  o f  c r e a t i n i n  was below  n o rm a l, w h ile  i n  a  
c a se  o f  lo co m o to r a t a x i a ,  i t  was u n a f f e c t e d ,  and i n  two
(39)
c a s e s  o f  t e ta n u s  and one o f  s p a s t i c  p a r a p le g ia  t h e r e  
a p p ea re d  to  he a  s l i g h t  i n c r e a s e .  H is c o n c lu s io n s  
a g re e  w i th  th o se  o f  S h a f f e r ,  and he c o n s id e r s  t h a t  " th e  
c r e a t i n i n  i s  co n n ec ted  w ith  th e  n u t r i t i o n a l  m e tab o lism  
o f  th e  m uscle  f i b r e ,  and i s  n o t  a  s u b s ta n c e  form ed i n  
th e  a c t  o f  c o n t r a c t io n ."
C r e a t in  a p p e a rs  i n  th e  u r i n e  i n  q u i te  a p p r e c ia b le  
q u a n t i t i e s  i n  n e c r o s i s  o f  th e  l i v e r ,  b o th  c l i n i c a l l y  
and i n  t h a t  e x p e r im e n ta l ly  p ro d u c e d . Thus th e  am ounts 
r e c o rd e d ,  e x p re sse d  a s  p e rc e n ta g e  o f  t o t a l  n i t r o g e n ,
w
a r e  i n  a c u te  y e llo w  a tro p h y , 6 .7  p e r  c e n t . (1 9 0 8 );
c h lo ro fo rm  p o is o n in g , 0 .5  to  0 .8  p e r  c e n t  (1 9 1 1 ) , and 
i n  th e  p r e s e n t  ex p erim e n ts  on h y d ra z in e  p o is o n in g ,
1 to  2 .5  p e r  c e n t .  As m en tioned  a b o v e , i t  i s  a l s o  
o b ta in e d  i n  carcinom a o f  th e  l i v e r .  B ut i t  d oes n o t  fo l lo w  
t h a t  i t s  p re se n c e  h as any d i r e c t  r e l a t i o n  to  d e f e c t iv e  
l i v e r  m e tab o lism . There i s ,  no d o u b t , m arked 
d is tu rb a n c e  o f  h e p a t ic  f u n c t io n ,  b u t  t h e r e  a r e  a l s o  
p ro found  d i s tu r b a n c e s ^ in  a l l  th e s e  v a r io u s  c o n d i t io n s ,  
o f  o th e r  m e ta b o lic  p r o c e s s e s .  Thus m usc le  m e tab o lism  
i s  c o n s id e ra b ly  u p s e t ,  a s  shown by th e  r a p id  breakdow n 
o f  m uscle p r o t e in  w ith  th e  s im u lta n e o u s  e x c r e t io n  o f  
c r e a t i n .  One may say  t h a t  i t  i s  now g e n e r a l ly  a g re e d  
t h a t  th e  u r in a r y  c r e a t i n  h as i t s  so u rc e  i n  th e  c r e a t i n  o f  
m u sc le , b u t  i t  does n o t seem n e c e s s a ry  to  r e g a rd  l i v e r  
i n e f f i c i e n c y  a s  th e  e s s e n t i a l  m e ta b o lic  d is tu r b a n c e  to
(40)
e x p la in  i t s  e x c r e t io n  i n  h e p a t ic  d i s e a s e  r a t h e r  th a n  
i n  a c u te  f e v e r ,  th e  a c u te  s ta g e s  o f  e x o p h th a lm ic  g o i t r e ,  
o r  d u r in g  th e  p u e rp e riu m , when a s  much a s  1 .5  grm . h a s  b een  
found  to  be  e x c re te d  p e r  d iem . R ecen t e x p e r im e n ta l  wotrk 
te n d s  to  s u p p o r t  t h i s  v iew . Towles and V o e g t l in  (1 9 1 2 ) , 
from  t h e i r  fe e d in g  e x p e rim e n ts  i n  Eck f i s t u l a  d o g s , 
co n c lu d e  t h a t  th e  " e x c lu s io n  o f  th e  p o r t a l  c i r c u l a t i o n  
from  th e  l i v e r  h a s  no e f f e c t  upon th e  c r e a t i n i n
w
m e ta b o lism " ; w h ile  N oël B a to n  (1912) h a s  r e c e n t l y  
d e m o n s tra te d  t h a t  th e  e x c lu s io n  o f  th e  l i v e r  i n  th e  
b i r d ,  by l i g a t u r e  o f  b o th  p o r t a l  v e in  and h e p a t ic  
a r t e r y ,  h as no e f f e c t  upon  th e  p r o p o r t io n  o f  c r e a t i n ,  
a l th o u g h , a s  M inkowski had  shown, t h e r e  a r e  m arked 
changes i n  th e  d i s t r i b u t i o n  o f  th e  h r i n a r y  n i t r o g e n .
A cco rd in g  to  C a th c a r t  (1 9 0 9 ) , th e  o u tp u t  o f 
c r e a t i n  in d u ced  by f a s t i n g  a t  once d is a p p e a r s  on th e  
i n g e s t i o n  o f  c a rb o h y d ra te s ,  j u s t  a s  th e r e  i s  a  f a l l  
i n  th e  o u tp u t o f  u r in a r y  n i t r o g e n .  Hence c r e a t i n u r i a
w i l l  o c c u r i f  no p ro p e r  su p p ly  o f  s u g a r  be  a v a i l a b l e  
th ro u g h  d e f e c t iv e  g ly c o g e n ic  f u n c t io n .  Thus t h i s  l a r g e  
e x c r e t io n  o f  c r e a t i n  a f t e r  h y d ra z in e  i n j e c t i o n  can be 
e x p la in e d  th ro u g h  an  u p s e t t i n g  o f  th e  b a la n c e  o f  
c a rb o h y d ra te  m e tab o lism . T hat su ch  a  d is tu r b a n c e  o f  
g ly c o g e n ic  f u n c t io n  o c c u rs  i s  shown by th e  marked 
h y p o g ly c m ia  a lr e a d y  m entioned  a s  o c c u r r in g  a s  a  r e s u l t
(41)
o f  h y d ra z in e  p o is o n in g .  No doub t h e p a t ic  a c t i v i t y  
i s  th e  c h ie f  f a c t o r  i n  one s ta g e  a t  l e a s t  o f  th e  
g ly c o g e n ic  f u n c t io n ,  b u t  i t  i s  o n ly  one o f  s e v e r a l  
f a c t o r s  co n ce rn ed  i n  th e  p r o c e s s .  M uscle m e tab o lism  
a ls o  p la y s  a  p a r t  i n  th e  u t i l i s a t i o n  o f  c a rb o h y d ra te s^  
and  c r e a t i n  may be e x c re te d  i n  c o n d i t io n s  w here th e  
p a th o lo g ic a l  l e s io n  i s  c h i e f ly  a  m uscle  in v o lv e m e n t, 
a s  i n  th e  m u sc u la r a t r o p h ie s  (1 9 1 0 ) . R e c e n tly  
M ellanby  (1913) h a s  s u g g e s te d  t h a t  th e  c r e a t i n  e x c r e t io n  
o f  p a r t u r i e n t  women h as p ro b a b ly  some r e l a t i o n  to  th e  
a c t i v i t y  o f  th e  mammary g la n d s .  He n o te s  th e  f a c t  
t h a t  c r e a t i n  i s  a ls o  e x c re te d  d u r in g  p re g n a n c y , and 
a d m its  t h a t  th e r e  i s  n o th in g  s p e c i f i c  a b o u t t h i s  
su g g e s te d  r e l a t i o n s h i p .  The c r e a t i n u r i a  o f  b o th  
p reg n an cy  and p u e rp e riu m , how ever, may be r e l a t e d  to  a  
d is o rd e re d  c a rb o h y d ra te  m e tab o lism , f o r  B ar (1910) 
h as shown t h a t  i n  th e  fo rm er c o n d i t io n  t h e r e  i s  a  d i s t i n c t  
lo w e rin g  o f  th e  to le r a n c e  f o r  s u g a r s ,  w h ile  th e  
p u e rp e r a l  p e r io d  i s  a s s o c ia te d  w i th  an  a l t e r a t i o n  i n  
c a rb o h y d ra te  e q u il ib r iu m  o c c a s io n e d  by th e  e s ta b l is h m e n t  
o f  th e  f u n c t io n  o f  l a c t a t i o n .
I n  th e  p r e s e n t  e x p e rim e n ts  r a p id  m uscle  breakdow n 
ap p ea red  to  be an im p o r ta n t  f e a t u r e  when th e  t o x ic  
synptom s w ere m ost m arked, and an  e s t im a t io n  o f  i t s  
amount was a tte m p te d  by  th e  method su g g e s te d  by N oël B a to n  
( 1910^  when th e  p refo rm ed  c re a tin ^ J ls  re g a rd e d  a s  a
(42)
d e r i v a t i v e  o f  th e  o r e a t i n  o f  m u sc le , and th e  t o t a l  
IS ac r e a t i n i n  a s  m easure  o f  m usc le  k a ta b o lis m . I n
(Uo.iL+L+)
T ab le  I I  th e  " t o t a l  f l e s h "  k a ta b o l i s e d  i s  c a l c u l a t e d
from  th e  t o t a l  n i t r o g e n ,  and "m uscle  f l e s h "  from  t o t a l
m uscle  f l e s h
c r e a t i n i n ,  w h ile  th e  r a t i o  -------------------   i s  a ls o  r e c o r d e d .
t o t a l  f l e s h
The i n t e r p r e t a t i o n  o f  th e s e  f i g u r e s  i s  by no means 
u n e q u iv o c a l ,  e s p e c i a l l y  a s  th e r e  i s  th e  c o m p lic a tio n  
in v o lv e d  by th e  i n t r o d u c t io n  o f  th e  food  f a c t o r ,  s in c e  
p o r r id g e  and m ilk  was a lw ays ta k e n  by th e  dogs a f t e r  th e  
f o u r t h  day  i n  th e  s u b le th a l  e x p e r im e n ts . F u r t h e r ,  
i t  may be n o te d  t h a t  a l th o u g h  th e  r a t i o  w h ich"m uscle  
f l e s h "  b e a r s  t o " t o t a l  f l e s h "  d u r in g  th e  c o n t r o l  days 
o f  any  in d iv id u a l  ex p e rim e n t shows c o n s id e ra b le  
u n i f o r m i ty ,  y e t  t h i s  r a t i o  v a r i e s  c o n s id e ra b ly  n o t  o n ly  
f o r  th e  d i f f e r e n t  e x p e r im e n ts , b u t a ls o  a t  d i f f e r e n t  
tim e s  i n  th e  same dog . Thus i n  E x perim en t IV . t h e  
r a t i o  on b o th  th e  c o n t r o l  d ay s a v e ra g e s  1 .0 7 ,  th u s  
p o in t in g  to  some r e t e n t i o n  o f  n i t r o g e n ,  w h ile  th e  
same d o g , in  E xperim en t V I I . f i v e  w eeks a f t e r w a r d s ,  no 
lo n g e r  shows t h i s  c o n d i t io n .  From th e  f i g u r e s  
r e p r e s e n t in g  "m uscle f l e s h "  k a ta b o l i s e d ,  i t  i s ,  how ever, 
c l e a r l y  e v id e n t  t h a t  i n  a l l  th e  e x p e rim e n ts  t h e r e  i s  
c o n s id e ra b le  m uscle  d i s i n t e g r a t i o n ,  e s p e c i a l l y  d u r in g  
th e  se c o n d , t h i r d ,  and f o u r th  days a f t e r  th e  a d m in i s t r a t io n
(43)
o f  th e  h y d ra z in e .  T h is  m uscle  breakdow n i s  m ost 
marked i n  th e  l e t h a l  E x p e rim e n ts  V . and V I . ,  d i s t i n c t  
e v id e n c e  b e in g  f u r n is h e d  n o t  o n ly  by th e  t o t a l  am ounts 
o f  "m uscle  f l e s h " ,  b u t a l s o  by  th e  r a t i o  o f  "M uscle 
f l e s h "  to  " t o t a l  f l e s h " .  Thus i n  th e  f o r m e r , th e  r a t i o  
f o r  th e  f i r s t  fo u r  d ay s a f t e r  h y d ra z in e  i n j e c t i o n  a v e ra g e s
0 .7 6  i n  c o n t r a s t  to  0 .6 2  d u r in g  th e  c o n t r o l  p e r io d ,  w h ile  
i n  V I . i t  i s  1 .2 6  a s  com pared w i th  0 .7 4 .  I n  th e s e  
two e x p e r im e n ts  i t  i s  a ls o  found  t h a t  w h ile  th e  t o t a l  
c r e a t i n i n  shows a  c o n s id e r a b le  in c r e a s e  a s  com pared 
w ith  th e  e x c r e t io n  b e fo re  i n j e c t i o n ,  t h e r e  i s  a  m arked 
f a H  i n  th e  p refo rm ed  c r e a t i n i n  c o in c id e n t  w i th  th e  
s u b s t a n t i a l  r i s e  i n  th e  e x c r e t io n  o f  c r e a t i n .
E xperim en t IV . a ls o  shows t h i s  r e l a t i o n s h i p ,  b u t  to  a  
mach l e s s  e x t e n t .
TABLE I I .
E x p erim en t 1 .
D ay. T o ta l  F le s h . M uscle F l e s h . M uscle F le s h  
T o ta l  F l e s h .
R em arks.
1 .
g rm s. 
190 .
g rm s. 
111 . 0 .5 7 . Food ta k e n .
2 . 118 93 0 .7 8 w
8 . 150 108 0 .7 2 n
I I . 214 137 0 .6 4 F a s t .
I I I . 70 36 0 .5 1  r F a s t .  P a r t i a l
IV . 204 134
I
0 .6 5  (
u r in e  o n ly .  
Some food
V I . 195 119
(
0 .6 1
, t a k e n .It
V I I I . 169 99 0 .5 9 n
I . 151 104 0 .68 n
(44 )
E xperim en t I I
D ay . T o ta l  F le s h . M uscle F l e s h .
M uscle F le s h  
T o ta l F l e s h . R em arks.
1 .
g rm s. 
140
g rm s. 
84 0 .6 0 Food t a k e n .
2 . 139 85 0 .6 1 If
3 . 156 82 0 .5 2 n
I I . 125 120 0 .9 6 F a s t .
I I I . 276 236 0 .8 5 If
IV . 167 108 0 .6 4 Food ta k e n .
V . 169 114 0 .6 7 If
v n . 195 93 0 .4 8 tf
IX . 169 96 0 .5 7 If
E x p erim en t I I I
7
1 . 92 75
2 . 102 97
3 . 104 116
I . 133 69
I I . 185 129
I I I . 203 106
IV . 112 68
V . 120 , 53
V I . 129 65
V I I I . 117 67
E x p erim en t IV
1 . 176 179
2 . 164 187
I I . 91 102
I I I . 315 250
IV . 205 223
V . 406 265
V I . 259 178
V I I I . 133 138
E xperim en t V .
1 . 143 104
2 . 114 74
3 . 129 65
I I . 108 63
I I I . 198 170
IV . 180 140
V. 320 262
V I . 226 155
(45)
0 .8 1 Food ta k e n .
0 .9 5 If
1 .11 If
0 .5 9 F a s t .
0 .6 9 If
0 .5 2 If
0 .6 0 Food ta k e n .
0 .4 4 If
0 .5 0 If
0 .5 7 II
1 .01 Food ta k e n .
1 .1 4 If
1 .1 3 .... ( F a s t . P a r t i a l
V u rin e  o n ly .
0 .7 9 F a s t .
1 .0 8 If
0 .6 5 Food t a k e n .
0.66 If
1 .0 3 If
0 .7 2 Food ta k e n .
0 .6 5 If
0 .5 0 If
0 .5 8 F a s t .
0.86 If
0 .7 7 If
0 .8 2 n
0 .6 0 Dog d ie d .
E xperim en t V I .
Day* T o ta l  F le s h .  M uscle F l e s h .  Remarks*
 __________  T o ta l  F l e s h .
g rm s. g rm s.
1 .  117 94 0 .8 0  Food ta k e n .
2 . 146 88 0 .6 0  "
3 .  135 110 0 .8 1  "
I I .  117 132 1 .12  F a s t .
I I I .  176 255 1 .4 4
IV . 219 267 1 .2 2  Dog d ie d .
E x p erim en t V I I .
1 .  137 92 0 .6 7  Food ta k e n .
2 .  115 93 0 .8 0  "
3 . 117 97 0 .8 2  "
( P a r t i a l  u r in e
I .  57 37 0 .6 5  ) o n ly .  Dog d ie d
) a t  end o f  
( tw e n ty - fo u r  hou»
In  th e  r e s u l t s  o f  none o f  th e  e x p e rim e n ts  can 
any p a r a l l e l i s m  be t r a c e d  b e tw een  th e  e x c r e t io n  o f  t o t a l
n i t r o g e n  and t o t a l  c r e a t i n i n ,  i n  c o n t r a s t  to  th e  f in d in g s
■ b)
o f  M endel and Rose i n  b o th  t h e i r  d i e t  and p h o sp h o ru s 
e x p e r im e n ts . From t h e i r  i n v e s t i g a t i o n s  th e y  co n c lu d e  
t h a t  t o t a l  n i t r o g e n  and t o t a l  c r e a t i n i n  a p p e a r  to  have 
a  common s o u rc e .  I t  m ust be a d m it te d , how ever, t h a t  
su c h  a  c o n c lu s io n  canno t be pushed  v e ry  f a r , b e c a u se  we 
a r e  s t i l l  w ith o u t e v id e n ce  a s  to  th e  f a c t o r s  g o v e rn in g  
th e  s e l e c t i o n  f o r  k a ta b o lism  o f  m uscle  and n o n -m usc le  
p r o te in , ,a p a r t  a l t o g e th e r  from  th e  q u e s t io n  o f  th e  
p o s s ib le  r e s y n th e s i s  o f  a  p o r t io n  o f  th e  n i t r o g e n .
They th e m se lv e s , how ever, ad m it t h a t  a l l  m ethods o f
(46)
c a l c u l a t i n g  t i s s u e  l o s s  on t h i s  b a s i s  m ast be i n a c c u r a te
The c o n s id e r a t io n  o f  th e  r e l a t i o n  o f  t o t a l  
c r e a t i n i n  to  l o s s  o f  body w e ig h t was found to  be u s e l e s s  
owing to  v o m itin g  b e in g  a  more o r  l e s s  c o n s ta n t  symptom 
d u r in g  th e  f i r s t  d ay s o f  th e  to x san ia , and t h i s  l e a d s  
to  a  m arked lo s s  o f  w e ig h t , n o t  o n ly  from  th e  d e p le t i o n  
o f  th e  an im al o f  f l u i d , b u t a l s o  from  th e  l o s s  o f  th e  
h y d r o c h lo r ic  a c id  o f  th e  g a s t r i c  ju i c e  le a d in g  to  a  
r e d u c t io n  i n  th e  s a l t  c o n te n t  o f  th e  t i s s u e s .
CONCLUSIONS.
I .  The e s t im a t io n  o f  any  one e lem en t o f  th e  
n i t r o g e n  p a r t i t i o n  o f  th e  u r in e  i s  u s e l e s s  a s  a  
g u id e  to  h e p a t ic  e f f i c i e n c y ;  t h e i r  i n t e r - r e l a t i o n s h i p s  
have to  be c o n s id e re d .
I I .  A f te r  th e  i n j e c t i o n  o f  h y d ra z in e  s u lp h a te  
t h e r e  i s  an  in c re a s e d  e x c r e t io n  o f  t o t a l  n i t r o g e n ,  a s  
found  a ls o  i n  p hospho rus p o is o n in g .  I t  i s  p ro b a b ly  
due to  th e  d is tu rb a n c e  o f th e  g ly c o g e n ic  f u n c t io n  
w ith  th e  su b seq u en t d i r e c t  o r  i n d i r e c t  d i s i n t e g r a t i o n  
o f  th e  m uscle p r o t e i n .
I I I .  The in c r e a s e  i n  a m in o -ac id  n i t r o g e n ,  b o th  
a b s o lu te ly  and r e l a t i v e l y  to  th e  t o t a l  n i t r o g e n ,  i s  
th e  m ost c o n s ta n t f e a tu r e  o f th e  u r i n a r y  n i t r o g e n  
p a r t i t i o n  d u rin g  th e  h e p a t ic  d is tu rb a n c e  p roduced  by 
h y d ra z in e . F u r th e r ,  t h i s  in c r e a s e  i s  i n v a r i a b l y  th e
(47)
e a r l i e s t  a b n o rm a li ty  to  be d e te c t e d .
IT . A f te r  h y d ra z in e  i n j e c t i o n  th e  u r e a  p e rc e n ta g e  
o f  th e  t o t a l  n i t r o g e n  i n c r e a s e s ,  and th e  ammonia 
d im in is h e s ,  s l i g h t l y  i n  s u b l e t h a l ,  m ark ed ly  i n  l e t h a l ,  
e x p e r im e n ts . N e i th e r  a c e to n e  n o r  d i a c e t i c  a c id  was 
d e te c te d  i n  th e  u r in e  d u r in g  th e  c o u rse  o f any o f  th e  
e x p e r im e n ts .
T . The e x c r e t io n  o f  c r e a t i n i n  i s  found to  be 
p r a c t i c a l l y  c o n s ta n t ,  w h ile  th e r e  i s  a  l a r g e  e x c r e t i o n  
o f  c r e a t i n ,  w h ich  a p p e a rs  to  be d ep en d en t on im p a ire d  
g ly c o g e n ic  f u n c t io n  e x e r t ip g  i t s  in f lu e n c e  on th e  
m usc le  m e tab o lism , r a t h e r  th a n  on l i v e r  i n e f f i c i e n c y  
le a d in g  t o  a  d e c re a se  i n  th e  c o n v e rs io n  o f c r e a t i n  to  
c r e a t i n i n .  This seem s to  be i n d ic a te d  by th e
in c r e a s e d  k a ta b o lis m  o f  "m uscle  f l e s h "  a s  c a lc u la t e d  
from  th e  o u tp u t  o f t o t a l  o r e q t i n i n .
(48)
PARg I I .
THE PRE3EICE OH ABSENCE OP 
CEEATIH-PESTROYING OR CEEATII-COHV’ERTIHG FERMENTS 
IN THE VARIOUS TISSUES.
I n t r o d u c t io n .
From P a r t  I .  i t  was co n clu d ed  t h a t  i n  d i s tu r b a n c e s  
o f h e p a t ic  f u n c t io n ,  th e  e x c r e t io n  o f c r e a t i n  a n p e a rs  to  
be  d ep en d en t on im p a ire d  g ly c o g e n ic  f u n c t io n  e x e r t in g  i t s  
in f lu e n c e  on m uscle  m etab o lism  r a t h e r  th a n  on l i v e r  
i n e f f i c i e n c y  le a d in g  to  a  d e c re a s e  i n  th e  c o n v e rs io n  o f  
c r e a t i n  to  c r e a t i n i n .  I f  snch  c o n v e rs io n  o f  c r e a t i n  
o c c u rre d  a s  th e  r e s u l t  o f  h e p a t ic  a c t i o n  p e r  s e ,  one would 
e x p e c t to  f in d  e v id e n ce  o f  th e  a c t i o n  o f  th e  enzymes w h ich  
i n i t i a t e d  and c a r r i e d  th ro u g h  th e s e  ch an g es- B u t 
th e  p re s e n c e  o r ab sen ce  o f  such  enzym es, a s  would le a d  
to  th e  p ro d u c tio n  o f  c r e a t i n ,  th e  c o n v e rs io n  o f  c r e a t i n  
i n to  c r e a t i n i n  o r  o th e r  su b s ta n c e  ( c r e a t i n a s e ) , and th e  
d e s t r u c t io n  o f  c r e a t i n i n  ( c r e a t in in a s e )  i n  l i v e r  t i s s u e  
and in d eed  i n  any t i s s u e  o f th e  o rg an ism  i s  s t i l l  u n d e c id e d .
The r e s u l t s  o f th e  e a r ly  w o rk  o f  Seemann (19071 seem ed 
to  p rove  th e  p ro d u c tio n  o f c r e a t i n  i n  a u to  l y s i s , a s  he found 
t h a t  th e  c r e a t i n  c o n te n t  o f m uscle  was th e re b y  in c r e a s e d .
(49)
H is te c h n iq u e ,  how ever, was d e c id e d ly  f a u l t y  and h i s  
c r e a t i n i n  e s t im a t io n s  w ere  d e te rm in e d  by th e  g r a v im e t r ic  
m eth o d . A much more im p o r ta n t  r e s e a r c h  i s  t h a t  o f
w
G o t t l i e b  and S ta n g a s s in g e r  (1907) who a p p e a re d  to  f in d  
num erous fe rm e n ts  o r d i f f e r e n t  a s p e c t s  o f  th e  same 
fe rm e n t -  w hich p ro d u ce  v a r io u s  p ro d u c ts  from  t h e i r  
a c t i o n  on c r e a t i n  and c r e a t i n i n ,  T h e ir  r e s u l t s  a r e  
th u s  sum m arised -
•’ I ,  I n  th e  a u t o l y s i s  o f  m uscle  and  o th e r  o rg a n s  
c r e a t i n  i s  f i r s t  p ro d u c e d .
I I . The c r e a t i n  becomes c o n v e rte d  i n  p a r t  i n to
c r e a t i n i n  d u r in g  a u t o l y s i s  by a  f e rm e n t .
I I I .A s  a u t o l y s i s  p r o g r e s s e s ,  c r e a t i n  and c r e a t i n i n  
a r e  d e s tro y e d  by fe rm e n ts  -  c r e a t i n a s e  and 
c r e a t i n i n a s e .
IV . From th e  i n t e r a c t i o n  o f th o s e  p ro c e s s e s  th e r e
i s  o b ta in e d  a  com plex c u rv e  r e p r e s e n t in g  
th e  c r e a t i n  and c r e a t i n i n  v a lu e  i n  a u to ly s in g  
o rg an  e x t r a c t s ,  and d ep en d en t on th e  fe rm e n ts  
r e s u l t i n g  i n  c r e a t i n  fo rm a t io n , i t s  c o n v e rs io n  
i n t o  c r e a t i n i n ,  and th e  d e s t r u c t io n  o f  b o th  
b o d ie s .  ”
These c o n c lu s io n s  a r e  open to  c o n s id e r a b le  c r i t i c i s m ,  
I t  h a s  now b een  d e f i n i t e l y  shown t h a t  c r e a t i n  a lo n e ,  
b u t n e v e r  c r e a t i n i n  e x c e p t i n  e x tre m e ly  m in u te  a m o u n ts , 
e x i s t s  i n  f r e s h  m u sc le , and t h a t ^ a s  m uscle  u n d e rg o e s  
a u to l y s i s  th ro u g h  b a c t e r i a l  a c t i o n ,  a l l  th e  c r e a t i n  i n  
m uscle d i s a p p e a r s .  M ellanby  (1908) found t h a t  when th e  
a u to ly s in g  t i s s u e s  e .g .  g u in e a -p ig  l i v e r ,  e a t  l i v e r ,  
hedge-hog  l i v e r  o r r a b b i t  m u sc le , w ere k e p t s t r i c t l y  
a s ^ e p t ic  , no creatin in  could  be d e te c te d  , w h ile  th e  c r e a t i n
(50)
c o n te n t  rem ained  u n ch an g ed . Nor was c r e a t i n i n  found  when 
c r e a t i n  s o lu t io n  was l e f t  i n  c o n ta c t  w ith  s t e r i l e  m ix tu re s
o f  m uscle  and l i v e r  o r  m uscle and k id n e y : w h ile  t h i s  same
-
i n v e s t i g a t o r  w ork ing  i n  c o n ju n c tio n  w ith  Twort (1912) 
d e m o n s tra te d  th e  norm al e x is te n c e  o f  c r e a t i n - d e s t r o y i n g  
b a c t e r i a  i n  th e  i n t e s t i n e .
M ellanby  a ls o  p o in ts  o u t a  g ra v e  d e f e c t  i n  th e  te c h n iq u e  
o f  G o t t l i e b  and S ta n g a s s in g e r  i n  t h e i r  mode o f  e s t im a t io n  o f  
p refo rm ed  c r e a t i n i n .  They e v a p o ra te d  t h e i r  o rg an  e x t r a c t s  to  
d ry n e s s  on a  w a te r-b a th ^ w h e re a s  i t  i s  known t h a t  a t  100^ C. 
th e  c o n v e rs io n  o f c r e a t i n  in to  c r e a t i n i n  i s  v e ry  e a s i l y  
b ro u g h t a b o u t-
The r e s u l t s  o f  G o t t l ie b  and S ta n g a s s in g e r  t h a t  c r e a t i n  
i s  p a r t l y  c o n v e r te d  in to  c r e a t i n i n ,  and p a r t l y  d e s t r o y e d ,  have 
b e en  su b s e q u e n tly  confirm ed  by Rothmann (1908^^ a n o th e r  w o rk e r 
i n  t h e i r  l a b o r a to r y .  He c a r r i e d  o u t p a r t  o f h i s  e x p e r im e n ta l  
w ork by th e  u se  of M e lla n b y 's  m ethod ,by  means o f  w h ich  o v e r ­
h e a t in g  was a v o id e d , and a d m its  i t s  s u p e r i o r i t y  o v e r  t h a t  o f  
G o t t l i e b  w hich i s  o n ly  u s e f u l  f o r  e s t im a t io n s  o f t o t a l  
c r e a t i n i n .  F u r th e r  he concluded  t h a t  b a c t e r i a l  a c t io n  p la y s  
no p a r t  i n  t h i s  c o n v e rs io n  and d e s t r u c t io n  o f  c r e a t i n  -  a  
f in d in g  q u i te  a t  v a r ia n c e  w ith  t h a t  o f  M e llan b y .
A c c o rd in g ly , i t  was d e te rm in e d  to  t a c k le  th e  
o u e s t  io n  o f th e  p re sen c e  o r ab sen ce  o f  th o s e  enzymes 
by  u t i l i s i n g  a  method w hich h as  g iv e n  e x c e l l e n t  r e s u l t s
(51)
i n  th e  e x t r a c t i o n  o f b a c t e r i a l  enzymes i n  th e  hands o f
iki)
Hahn and Cathcadrt (1 9 0 E ). By t h i s  method a  d ry  o rg an  
r e s id u e  i s  o b ta in e d  w ith  th e  a c t i o n  o f  c e r t a i n  known 
fe rm e n ts  u n d im in is h e d , o r  a t  l e a s t  u n e q ù iv o o a b ly  a c t i v e   ̂
w h ile  a s e p s i s  i s  more e a s i l y  a t t a i n e d ,  and th e  u s e  o f  
a n t i s e p t i c s  such  a s  t o l u o l  and c h lo ro fo rm , w hich  a t  
l e a s t  d e la y  enzyme a c t i o n ,  i f  n o t som etim es a l t o g e t h e r  
i n h i b i t i n g  i t ,  i s  a v o id e d .
METHOD EMPLOYED IN ERESENT EXPERIMMf S .
5 -10  g rm s .o f  th e  o rg an  -  l i v e r ,  m u sc le , k id n e y ^ -  
a r e  ta k e n  and m inced v e ry  f i n e l y .  A f te r  b e in g
rubbed  up  i n  a  m o rta r  to  w h ich  30 c .c  o f a c e to n e  a r e  
ad d ed , th e  m ix tu re  i s  th row n  on a  f i l t e r  p a p e r  i n  a  l a r g e  
B uchner f u n n e l  w ith  f u l l  n e g a t iv e  p r e s s u r e  a p p l i e d .
As soon  a s  th e  m inced t i s s u e  a p p e a rs  t o l e r a b l y  d r y ,  th e  
n e b b in g  up  i n  th e  m o rta r  w ith  a c e to n e  and d ry in g  i n  th e  
B uchner fu n n e l  i s  r e p e a te d  two o r  t h r e e  t im e s  a c c o rd in g  
to  th e  c o n s is te n c y  o f  th e  m ix tu re .  jrrom 100 to  130 c . c .  
a c e to n e  shou ld  a l t o g e t h e r  be  u s e d .  Then th e  sams p ro c e s s
i s  r e p e a te d  u s in g  100 c . c .  p u re  e th e r  in s te a d  o f a c e to n e .  
The f i l t e r i n g  i n  th e  "B uchner" u n d e r  f u l l  p r e s s u r e  i s  
c o n tin u e d  u n t i l  th e  r e s id u e  i s  bone dry^when i t  i s  
t r a n s f e r r e d  to  a  vacuum -dry ing  oven w ith  t o l u o l  and k e p t 
a t  i t s  b o i l in g  p o in t  111® C. f o r  20-30  m in u te s . The
(52)
o rg an  r e s id u e  i s  th e n  t r a n s f e r r e d  to  a s t e r i l e  b o t t l e  
w ith  g la s s  s to p p e r ,  v/hen i t  was found to  r e t a i n  i t s  
en zy m atic  p r o p e r t i e s  f o r  s e v e r a l  m onths a t  l e a s t .
Each s ta g e  m ust be c a r r i e d  o u t a s  r a p i d l y  a s  p o s s ib l e .
P re v io u s  to  c a r r y in g  o u t e x p e r im e n ts  f o r  th e  
a tte m p te d  d e te c t io n  o f  c r e a t i n  and c r e a t i n i n  d e s t r o y in g  
enzym es, t e s t s  f o r  o th e r  fe rm e n ts  w ere a p p l i e d .  A l l  th e  
l i v e r  r e s id u e s  r e v e a le d  th e  p re s e n c e  o f an  a c t iv e  
d i a s t a s e  and l i p a s e .  The t e s t  f o r  th e  fo rm er was c a r r i e d  
o u t  i n  th r e e  t e s t - t u b e s  c o n ta in in g  th e  fo l lo w in g  
m ix tu re s  w hich  w ere in c u b a te d  f o r  s i x  h o u r s .  -
A. .4  grn. G lycogen + 5 c .c*  d i s t i l l e d  w a te r
B . .4  gm. G lycogen + 5 c .c .  d i s t i l l e d  w a te r  \
. 02gm. l i v e r  r e s i d u e .
C* 5 c . c d i s t i l l e d  w a te r  4
.02  gm. l i v e r  r e s i d u e .
To each  tu b e  5 c .c .  o f  F e h l in g 's  s o l u t io n  was th e n  a d d ed ,
and th e  m ix tu re  b o i le d  when th e r e  o c c u rre d  -
A. M inute t r a c e  o f r e d u c t io n .
B. Q u ite  marked r e d u c t io n .
C. No t r a c e .
A v e ry  a c t iv e  l i p a s e  was o b ta in e d  from  a l l  th e  l i v e r  
r e s i d u e s .  Thus th e  fo llo w in g  was th e  p ro d u c t o b ta in e d  
w ith  d o g 's  l i v e r ,  u t i l i s i n g  th e  p ro d u c t io n  o f a c id  
from  m onobutyrin  a s  th e  t e s t  o f l i p o l y t i c  a c t i v i t y  
a f t e r  h a lf - a n -h o u r s  in c u b a t io n ,  p h e n o l p h th a l e in  b e in g
(53)
th e  i n d i c a t o r .  A q u a n t i t a t i v e  e s t im a t io n  o f  th e  a c i d i t y  
was made i n  te rm s o f - | ^  N a.O .H .
(1) M onobu ty rin  3 d ro p s  4 \ ï ï v e r  4r 10 c . c .  d i s t i l l e d  w a te r
r e q u i r e d  2 .1  c . c . ^N N a.O .H .
(g) M onobu ty rin  3 d ro p s  «4 10 c . c .  d i s t i l l e d  w a te r
r e q u i r e d  .05  c . c .  ^  N a.O .H .
(3) -02 g m .L iv er ^  10 c . c .  d i s t i l l e d  w a te r
r e q u i r e d  0 ^  N a .u .E .
S im i la r ly  i n  th e  m uscle  p r e p a r a t io n s  an a c t iv e  d i a s t a t i c  
fe rm e n t was found p r e s e n t  by  q u a n t i t a t i v e  e s t im a t io n ,  a f t e r  
th e  r e d u c t io n  due to  th e  g lu c o s e  i n  th e  m usc le  had b een  
a llo w e d  f o r .  I n  th e  c a se  o f th e  k id n e y  r e s i d u e s ,  
no enzym atic  t e s t  was found s u i t a b l e ,  and a c c o rd in g ly  
th e  v a lu e  o f th e  mode o f p r e p a r a t io n  had to  be deduced 
from  th e  r e s u l t s  o b ta in e d  i n  th e  c a se  o f t h e  l i v e r  and 
m uscle  p r e p a r a t io n s .
F re s h ly  p re p a re d  c r e a t i n  s o l u t io n  was a lw ays u s e d ,  
a  s t r e n g th  o f  . 2^  b e in g  found m ost c o n v e n ie n t f o r  th e  
c o lo r im e t r ic  r e a d in g s  i n  500 c . c .  d i l u t i o n .  The 
fo l lo w in g  m ix tu re s  w ere p u t up  -
A. .02  gm .organ r e s id u e  f  15 c . c .  s t e r i l e  w a te r
B . C 5.C .C . s t e r i l e  w a te r  +
L 10 c . c .  mZfo c r e a t i n .
C. .02  gm. o rg an  r e s id u e  +  5 c . c .  s t e r i l e  w a te r
10 c . c .  mZfo c r e a t i n .  
p ,  1*5 c . c . .1 5 ^  NaiiCO-j
1 10 c . c .  »Zfo c r e a t i n .
B. .02  gm. o rgan  r e s id u e  +  5 c . c .  .1 5 ^  Na^OOj 4-
10 c . c .  •Zjo c r e a t i n .
(54)
Two s e t s  o f t e s t - t u b e s  w ere in c u b a te d  a t  37® u#, and 
e s t im a t io n s  o f  (a )  P refo rm ed  c r e a t i n i n ,  (b ) T o ta l  
c r e a t i n i n ,  w ere made a f t e r  t h r e e  h o u rs  i n  th e  one s e t ,  
and a f t e r  tw e n ty - fo u r  i n  th e  o t h e r .
I n  th e  f i r s t  few e x p e rim e n ts  a  6t h  tu b e  F, c o n ta in in g  
15 c . c .  .1 5 ^  Na^COj 4 ' *02 gm. o rg a n  r e s id u e  was p u t u p , 
b u t  i t  was s u b s e q u e n tly  o m itte d  a s  b e in g  u n n e c e s s a ry ,  
s in c e  i t  was found t h a t  th e  s l i g h t l y  a l k a l i n e  medium 
gave th e  same n e g a t iv e  r e s u l t  a s  th e  s t e r i l e  w a te r  medium 
i n  A.
SUMMARY OF RESULTS.
I The q u e s t io n  o f th e  c o n v e rs io n  o f  c r e a t i n  in to  c r e a t i n i n  
To t h i s  an  answ er i s  g iv e n  by a  c o n s id e r a t io n  o f  th e  
v a lu e s  o b ta in e d  f o r  p refo rm ed  c r e a t i n i n  e s t im a te d  a f t e r  
in c u b a tio n  f o r  (a )  3 h o u r s ,  (b) 24 h o u r s .  By th e  
a p p l i c a t io n  o f  J c f f e ' s  t e s t  a  v e ry  s l i g h t  c o lo r a t i o n  was 
o b ta in e d ,  b u t  an  a tte m p te d  e s t im a t io n  o f  th e  amount 
by the  c o lo r im e t r ic  method gave no r e a d in g ,  even  when th e  
s o lu t io n  was o n ly  d i lu te d  to  6 2 .5  c . c .  No q u a n t i t a t i v e  
d i f f e r e n c e  o f  t i n t  was found p r e s e n t  by th e  u s e  o f N e s s l e r 's  
g l a s s e s ,  n o r was any c r e a t i n i n  o b ta in e d  on e v a p o ra t io n  
o f  th e  f l u i d  a t  43® C> i n  R a s k in 's  a p p a r a tu s .  A .d e ep e r 
t i n t  was c o n s ta n t ly  found i n  th e  a lk a l in e  s o l u t i o n s ,  y e t  
th e  d i f f e r e n c e  was. so s l i g h t  t h a t  one can co n c lu d e  t h a t
(55)
i t  was n o t  th e  r e s u l t  o f enzyme a c t io n  w hich would 
d o u b t le s s  p roduce  much g r e a t e r  c h a n g e s .
‘jC* q u e s t io n  o f  th e  d e c o m p o s itio n  o f  c r e a t i n  i n to  
a  body o r  b o d ie s  unknown, i . e .  i s  t h e r e  any change 
p roduced  i n  th e  amount o f  t o t a l  c r e a t i n i n  p r e s e n t  ?
E s t im a tio n s  w ere made a f t e r  in c u b a t io n  a t  37® C. 
f o r  3 h o u rs  and 24 h o u rs  r e s p e c t i v e l y .  I n  th e  
accom panying t a b l e  th e  a v e ra g e  o f 10 c o lo r im e t r i c  r e a d in g s  
a t  500 c . c .  d i l u t i o n  i s  re c o rd e d  a s  th e  r e s u l t  o f  
th e  a c t io n  o f  th e  v a r io u s  o rg an  r e s id u e s  on th e  . 2^  
s o l u t io n  o f  c r e a t i n .
* ' ;
b i t  I
t  .:5
(56)
TABIÆ I I I ,
( I .  3 h ou rs*  in c u b a t io n .
T o ta l  C re a t in ^ e s t im a te d  a f t e r  ( j j ,  24 hou rs*  in c u b a t io n .
A verage o f  10 C o lo r im e tr ic  R ead in g s a t  500 c . c .  d i l u t i o n
O rgan- 
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I .  A f te r  3 h o u r s ' in c u b a t io n .
L iv e r - R a b b i t . 7 . 2m.m. 7 .Im .m . 7 .5m.m. 7 .7m ,m.
l iv e r - B o g - 8 .3 8 .3 9 .2 9 .0
L iv e r-E e n - 9 .5 9 .1 10.2 1 0 .4
M u sc le -R ab b it •M 8 .5 8 .4 8 .5 8 .5
M uscle-B uck — 9 .9 9 .6 9 .8 10.2
K idney-R uck - 8 .1 8 .3 8 .9 8 .7
K idney-R og 7 .9 7 .8 8 .3 8 .3
- . ......,
I I #  A f te r  24 hours*  in c u b a t io n .
L iv e r -R a b b it 7 .5 7 .4 8.0 7 .7
L iv e r-R o g - 8 .3 8 .5 9 .3 9 .3
L iv e r-E e n - 9 .3 8 .3 10.1 1 0 .4
M u sc le -R ab b it - 8 .4 8 .4 9 .2 9 .3
M uscle-R uck - 9 .9 9 .7 10.1 9 .9
K idney-R uck. 8 .3 8.2 9 .læ 9 .0
K idney-Rog 7 .9 8 .0 8 .3 8 .5
(57)
DISCUSSION OF RESULTS.
The answ ers g iv e n  to  th e s e  two q u e s t io n s  by  th e  mode 
o f i n v e s t i g a t i o n  d e s c r ib e d  above seem q u i t e  u n e q u iv o c a l*
No c o n v e rs io n  o f c r e a t i n  in to  c r e a t i n i n  was o b ta in e d  i n  
th e  p re s e n c e  o f  any o f th e  o rgan  r e s i d u e s ,  -  l i v e r ,  k id n e y , 
o r  m u sc le . The somewhat d e e p e r  c o lo r a t i o n  o b ta in e d  w i th  
von  J a f f e ' s  t e s t  i n  th e  tu b e s  c o n ta in in g  th e  s l i g h t l y  
a lk a l i n e  medium was found to  be due to  th e  a l k a l i n e  medium 
i t s e l f .
Secondly '^ t h a t  no c r e a t i n  d e s t r o y in g  fe rm e n t was 
p r e s e n t ,  i s  shown by T ab le  I I I .  w here th e  a v e ra g e  c o lo r im e t r ic  
r e a d in g s  o b ta in e d  f o r  th e  c r e a t i n  s o l u t io n  i n  c o n ta n t  w i th  
th e  o rg an  r e s id u e s  a s  compared w ith  th o s e  f o r  th e  c o n t r o l  
tu b e s  i n  each  ex p erim en t a f t e r  b o th  t h r e e  and tw e n ty - fo u r  
h o u rs*  in c u b a t io n ,  i s  s u f f i c i e n t l y  c lo s e  to  be w i th in  th e  
l i m i t s  o f  e x p e rim e n ta l e r r o r .  S l i g h t l y  h ig h e r  c o lo r im e t r ic  
r e a d in g s  w ere a g a in  u n ifo rm ly  o b ta in e d  i n  th e  a l k a l i n e  m ed ia .
The m ost obv ious c r i t i c i s m  w hich  may be o f f e r e d  
a d v e rse  to  th e s e  r e s u l t s  i s  t h a t  a l th o u g h  d i a s t a t i c  
and l i p o l y t i c  enzymes w ere o b ta in e d  i n  q u i te  an  a c t i v e  
c o n d i t io n ,  y e t  th e  c o n d it io n s  p r e s e n t  o r  th e  modw o f  
p r e p a r a t io n  en^loyed  w ere in c o m p a tib le  w ith  th e  c o n tin u e d  
v i t a l i t y  o f  th e  fe rm e n ts  w hich b r in g  ab o u t th e  
d e c o m p o s itio n  or c o n v e rs io n  o f c r e a t i n .  I t  m ust be
a d m itte d  t h a t  t h i s  c r i t i c i s m  canno t be s a t i s f a c t o r i l y
(58)
a n sw e re d , e x ce p t t h a t  th e  more im p o r ta n t  d e f e c t s  
i n  th e  te c h n iq u e  o f  th e  w ork  w here p o s i t i v e  r e s u l t s  
w ere o b ta in e d  have b een  e l im in a te d  w h ile  th e  
c o n c lu s io n s  o f  M ellanby  have b e e n  i n  th e  e s s e n t i a l  
c o n firm e d .
The c o n te n t io n  o f  Rothmann t h a t  b a c t e r i a l  
a c t io n  p la y s  no p a r t  i n  th e  c o n v e rs io n  and d e s t r u c t i o n  
o f  c r e a t i n  a p p e a rs  q u i te  e r ro n e o u s .  i n  some 
e x p e rim e n ts  i n  th e  c o u rse  o f  th e  p r e s e n t  w ork i n  
w hich  b a c t e r i a l  c o n ta m in a tio n  o c c u r r e d ,  c o n s id e ra b le  
d e s t r u c t io n  o f  c r e a t i n  was fo u n d ; w h i l e ,  a s  m en tioned  
a b o v e , th e  e x is te n c e  o f  c r e a t in - d e s t r o y in g  b a c t e r i a  
i n  th e  h e a l th y  i n t e s t i n e  h as b een  d e m o n s tra te d  by  
M ellanby  and T w ort.
P e k e lh a r in g  and van  H oogenhuyie (1910) have 
su g g e s te d  t h a t  enzyme a c t io n  i s  d im in ish e d  d u r in g  
i n a n i t i o n ,  and th e y  th u s  e x p la in  th e  e x c r e t io n  o f  
c r e a t i n  i n  s t a r v a t i o n ,  ig n o r in g  a l t o g e t h e r  th e  r o l e  
w hich  c a rb o h y d ra te s  p la y .  No d e f i n i t e  e v id e n c e  h a s  
b een  b ro u g h t fo rw ard  i n  su p p o r t  o f  t h i s  t h e o r y ,  w h ile  
th e  p r e s e n t  e x p e r im e n ts , ta k e n  i n  c o n ju n c t io n  w i th  
th o s e  o f P a r t  I I I . ,  a p p e a r  to  n e g a t iv e  such  an e x p la n a t io n  
a s  w e l l  a s  any h y p o th e s is  a s s o c i a t in g  th e  c r e a t i n u r i a  
o f h e p a t ic  i n s u f f i c i e n c y  w ith  d e f e c t iv e  en zy m atic  
a c t i v i t y .
(59)
CONCLUSION.
By th e  m ethods u se d  i n  th e  p r e s e n t  e x p e r im e n ts ,  no 
fe rm e n t b r in g in g  ab o u t th e  c o n v e rs io n  o f  c r e a t i n  i n to  
c r e a t i n i n ,  and no c r e a t in - d e s t r o y in g  fe rm e n t was d e te c te d  
i n  any o f  th e  o rg an  r e s id u e s  -  l i v e r ,  k id n e y ,  o r  m u sc le , 
a l th o u g h  a c t iv e  d i a s t a t i c  and l i p o l y t i c  f e rm e n ts  w ere 
o b ta in e d .
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PART I I I .
THE RELATIONSHIP OF CREATINURIA 
TO CHANGES IN THE SUGAR CONTENT OF THE BLOOD.
/
P re v io u s  Work and O b je c t o f  P r e s e n t  R e s e a rc h .
An in c r e a s e  i n  th e  n o rm a lly  c o n s ta n t  s u g a r - c o n te n t  
o f  th e  b lo o d  h as lo n g  b een  known to  be an  a s s o c ia t e d  
phenomenon o f  c e r t a i n  p a th o lo g ic a l  c o n d i t io n s ,  e s p e c i a l l y  
p a n c r e a t ic  d ia b e te s  o r  th e  g ly c o s u r ia  a r t i f i c i a l l y  p roduced  
by  th e  i n j e c t i o n  o f  c e r t a i n  d ru g s , e . g . ,  p h l o r i d z i n ,  
u ra n iu m . Of r e c e n t  y e a r s  i t  h as b een  shown t h a t  a 
d im in u tio n  i n  th e  norm al su g a r  c o n te n t^  o r a  hypoglyoaaoaia ̂  
may fo llo w  th e  i n j e c t i o n  o f  c e r t a i n  o th e r  d r u g s , w hich  cau se  
c o n s id e ra b le  h e p a t ic  d is tu rb a n c e  accom panied by th e  
e x c r e t io n  o f c r e a t i n .  T h is c r e a t i n u r i a  i s  w hat w ould be 
e x p ec te d  i f  th e  c o n c lu s io n s  o f  P a r t  I .  t h a t  c a rb o h y d ra te s  
a r e  e s s e n t i a l  f o r  th e  c o n v e rs io n  o f  c r e a t i n  i n to  c r e a t i n i n  
o r  in to  some a s  y e t  u n re c o g n ise d  s u b s ta n c e  o r  s u b s ta n c e s  
be t r u e .  Thus F ran k  and I s a a c  (191li, by th e  a d m in i s t r a t io n  
o f  phospho rus to  r a b b i t s ,  p roduced  a  d i s t i n c t  hypoglyosania 
a lo n g  w ith  marked l i v e r  n e c r o s i s .
The e f f e c t  o f h y d ra z in e  s u lp h a te  on th e  p e rc e n ta g e  
o f  su g a r  i n  th e  b lood  h as b een  in v e s t i g a t e d  by U n d e r h i l l  (1911 
b o th  i n  dogs and r a b b i t s .  As th e  r e s u l t  o f  num erous 
e x p e rim e n ts  i n  dogs, he found t h a t  a  d o se  o f 50 mgrms. p e r
(61)
k i l o ,  in v a r i a b ly  p ro d u ce s  an  a p p re c ia b le  b y p o g ly ccaa ia , 
a lth o u g h  c o n s id e ra b le  v a r i a t i o n s  i n  th e  d e g re e  o f  
d im in u tio n  o f  th e  su g a r  c o n te n t  o c c u r .
H is ex p e rim e n ts  v /ith  r a b b i t s  w ere n o t so c o n c lu s iv e .
On th e  a d m in i s t r a t io n  o f  h y d ra z in e  i n  d o se s  o f 50 mgrms. 
p e r  k i l o ,  a  c o n s ta n t  d e c re a s e  i n  th e  su g a r  c o n te n t  was n o t  
o b ta in e d ;  f o r ,  a lth o u g h  a  hypoglyosania o f  v a ry in g  amount 
was found to  o c cu r i n  th e  m a jo r i ty  o f th e  e x p e r im e n ts , y e t  
i n  a  c e r t a i n  p r o p o r t io n  o f  th e  a n im a ls ,  th e  b lood  su g a r  
rem ained  u n a l t e r e d .  On th e  a d m in i s t r a t io n  o f  100 mgrms. 
p e r  k i l o ,  th e  a n im a ls  d ie d  w i th in  24 h o u r s ,  and U n d e r h i l l  
co n c lu d es  "From t h i s  d i v e r s i t y  o f  r e s u l t s  i t  i s  o b v io u s 
t h a t  th e  r a b b i t  can n o t be r e l i e d  on to  in v a r i a b ly  e x h ib i t  
hypoglycC T ia a f t e r  h y d ra z in e  i n j e c t i o n " .
No a tte iog t; how ever, was made by th e  a d m in i s t r a t io n  o f 
in te r m e d ia te  d o se s  to  a llo w  f o r  th e  id io s y n c r a s y  o f  
in d iv id u a l  r a b b i t s ,  n o r  has th e r e  been  any i n v e s t i g a t i o n  o f  
th e  dependen t o r  a s s o c ia te d  f a c t o r s  o f  t h i s  hynoglycam iia. 
A c c o rd in g ly , th e  o b je c t  o f th e  fo llo w in g  e x p e rim e n ts  h a s  
been  to  t r y  to  d e te rm in e  e x p e r im e n ta l ly  w h e th e r  t h i s  i r r e g u l a r  
o c c u rre n c e  o f hypoglycaania i n  r a b b i t s  depends upon  th e  dose 
o f  h y d ra z in e  i n j e c t e d ,  and i f  i t  i s  i n  any way a s s o c ia te d  
w ith  th e  s im u lta n eo u s  o c c u rre n c e  o f c r e a t i n  i n  th e  u r i n e .
(62)
A u th o r 's  E x p erim en ts  and M ethods o f  A n a ly s i s .
The r a b b i t s  w ere k e p t in  sm a ll  cag es somewhat s i m i l a r  
to  th e  m e ta b o lic  cages m entioned  i n  P a r t  I .  i n  c o n n e c tio n  
w i th  th e  e x p e rim e n ts  on d o g s . From th e  cage a  fu n n e l- s h a p e d  
fram e descended , by means o f  w hich  th e  u r in e  was c o l l e c te d  
i n  a  v e s s e l  c o n ta in in g  5 c .c*  o f  5^ H^SOi^to p re v e n t  a lk a l i n e  
changes i n  th e  u r i n e .  At f i r s t  a  d i f f i c u l t y  was e x p e r ie n c e d  
i n  o b ta in in g  th e  u r in e  c r e a t i n - f r e e  d u r in g  th e  c o n t r o l  d a y s . 
T h is  was i n  m ost in s ta n c e s  su rm oun ted , o r  a t  l e a s t  so 
' d im in ish e d  t h a t  th e  amount o f  c r e a t i n  s t i l l  p r e s e n t  was 
c o n s id e re d  n e g l i g i b l e ;  w h ile  i n  a  few  c a s e s  p e r s i s t e n t  
c r e a t i n u r i a  was found to  be d ep en d en t on p re g n a n c y , and th e  
r a b b i t s  w ere a c c o rd in g ly  d is c a r d e d .  No a t te m p t was made to  
o b t a in  th e  a b s o lu te  q u a n t i t a t i v e  am ounts o f  c r e a t i n  and 
c r e a t i n i n  e x c r e te d ,  p a r t l y  owing to  th e  d i f f i c u l t y  o f  b e in g  
a b le  to  c o m p le te ly  empty th e  b la d d e r  o f  th e  a n im a l a t  th e  
end o f  each  24 h o u rs ,  w h ile  th e  a b s o lu te  f i g u r e s  have no 
d i r e c t  b e a r in g  on th e  o b je c t  o f  th e  p r e s e n t  r e s e a r c h .  T hus, 
th e  f i g u r e s  i n  T able 1 7 . r e p r e s e n t  th e  am ounts o f  c r e a t i n  
and c r e a t i n i n  w hich would be p r e s e n t  i n  a  1 0 0 c .c .  sam ple o f  
e ac h  days u r i n e .  A lthough  w ide d iv e rg e n c ie s  i n  th e  d a i l y  
f i g u r e s  a re  th e re b y  o b ta in e d , th e  r e l a t i o n s h i p  o f  th e  
e x c r e t io n  o f  c r e a t i n  to  t o t a l  c r e a t i n i n  i s  u n a l t e r e d .
C o n tro l e s t im a t io n s  o f  th e  su g a r  c o n te n t  w ere made 
from  7 - 1 0  days p re v io u s  to  th e  i n j e c t i o n  o f  a  2 .5 ^
(63)
s o l u t io n  o f h y d ra z in e  s u lp h a te .  T h is  was done w ith o u t  
d o in g  any i n ju r y  to  th e  v a s c u la r  sy s tem  o f  th e  a n im a l , 
f o r  a f t e r  some p r a c t i c e  no d i f f i c u l t y  was e x p e r ie n c e d  
i n  o b ta in in g  from  2 0 -3 0 c .c .  o f  b lo o d  from  th e  a u r i c u l a r  
v e in .  The b lood  was dropped d i r e c t l y  i n to  a  5 0 c .c .  
f l a s k  c o n ta in in g  5 c .c .  o f  a  2^ s o l u t io n  o f  P o t .O x a la te ,  
and by th e  a d d i t io n  o f th e  r e q u i s i t e  amount o f  d i s t i l l e d  
w a te r  from  a  b u r e t t e  to  b r in g th e  t o t a l  amount o f  f l u i d  
up  to  5 0 c . e . ,  th e  q u a n t i ty  o f b lood o b ta in e d  was a c c u r a t e ly  
d e te rm in e d . I n  two o f  th e  e x p e rim e n ts  re c o rd e d  w here 
th e  r a b b i t s  were c o m a to se ^ it was found im p o s s ib le  to  
o b ta in  b lood  from  th e  a u r i c u l a r  v e in ,  and hence i t  was 
draw n d i r e c t l y  from  th e  ju g u la r  v e in  and h e a r t .  The 
su g a r  c o n te n t  was th e n  e s t im a te d  by th e  method o f  A l l ih n  
i n  te rm s o f  CuO.
H ere I  may m en tion  t h a t  I  had th e  o p p o r tu n i ty  o f  
t e s t i n g  th e  a c c u ra c y  o f th e  te c h n iq u e  i n  th e  c a se  o f  th e  
dog u sed  i n  E xperim ent T i l .  P a r t  I .  w h ich  became com atose 
w i th in  24 h o u r s . a f t e r  th e  i n j e c t i o n  o f  90 mgrms. p e r  k i l o ,  
o f h y d ra z in e . The dog was k i l l e d  and from  i t s  ju g u la r  
v e in  two q u a n t i t i e s  o f b lood  3 2 .2 c .c .  and 6 0 c .o . , w ere  
o b ta in e d ,  th e  su g a r c o n te n t o f w hich  was found  to  be 
.0 6 4 ^  and .068^ r e s p e c t iv e ly .  The su g a r  c o n te n t  o f th e  
norm al dog i s  c o n s ta n t  w i th in  narrow  l i m i t s  and a v e ra g e s
.1 ^  so t h a t  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  above
(To)
e s t im a t io n s  c o rro b o ra te  th e  work o f U n d e r h i l l  who found
(64)
a  su g a r  c o n te n t  o f  .0 5 ^  i n  th e  b lood  o f  a  dog one day  
a f t e r  h y d ra z in e  i n j e c t i o n  o f  100 mgrms. p e r  k i l o .
I n  th e  i n i t i a l  e x p e r im e n ts , d o se s  o f  50 mgrms. p e r  
k i l o ,  body w e ig h t w ere a d m in is te r e d ,  and 48 h o u rs  a f te r ^ b lo o d  
was w ith d raw n  a s  above m en tioned  f o r  su g a r  e s t im a t io n ,  
w h ile  d a i l y  e x tim a t io n s  o f  th e  u r i n a r y  e x c r e t io n  o f  
p re fo rm ed  c r e a t i n i n  and c r e a t i n  w ere c a r r i e d  o u t .
I f  no symptoms w ere e x h ib i te d ^  and no c r e a t i n u r i a  
r e s u l t e d ,  th e  same r a b b i t  was i n j e c t e d  a g a in  b u t  w ith  
a  l a r g e r  dose  i n  o rd e r  to  t r y  to  j u s t  exceed  th e  t o le r a n c e  
o f  th e  a n im a l 's  t i s s u e s  to  th e  p o is o n .  The v a ry in g  d o se s  
u sed  i n  each  ex p erim en t a r e  re c o rd e d  i n  th e  p r o t o c o l s .
S in c e  th e  a n im a ls ,  w hich  showed any m e ta b o lic  
d i s tu r b a n c e ,  r e fu s e d  a l l  food  a f t e r  th e  i n j e c t i o n ,  two 
e x p e rim e n ts  (X. and X I .)  w ith  th e  r a b b i t s  f a s t i n g  f o r  two 
days w ere c a r r i e d  o u t i n  o rd e r  to  e l im in a te  th e  s t a r v a t i o n  
f a c t o r  from  th e  r e s u l t s .
T able  IT . (n e x t  page)
(The days of the control period in  each experiment, 
during which an attempt was being made to obtain the 
urine oreatin-free, are indicated by arabic numeirals, 
while the Homan figures refer to the days following 
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I . ^142.1 1 3 5 .0 7 .1 S.ofo R a b b it  d ie d  
w i th in  12 hours 
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No su g a r  
e s t im a t io n .
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.110^ No i l l  e f f e c t s  
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.150;^ The r a b b i t  from  th e  1 s t  
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showed c o n s id e ra b le  m alaise 
Blood was o b ta in e d  w ith  
d i f f i c u l t y  from  th e  
a u r i c u l a r  v e in ,  o n ly  
1 9 .7 c .c .b e in g  o b ta in e d .
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.060^ The u s u a l  symptoms ! 
o f  m e ta b o lic  d i s tu r b a n c e .  ! 
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SUMMARY OF RESULTS.
I n  th e  fo u r  e x p e rim e n ts  ( I . I I  . I I I  .V I . ) w here th e  
h y d ra z in e  a d m in is te re d  was i n s u f f i o ie n t  to  p ro d u ce  any  
obv ious m e ta b o lic  d is tu rb a n c e  no c r e a t i n  was e x c r e t e d , 
w h ile  th e  su g a r  c o n te n t  o f th e  b lo o d , a s  compared w ith  
th e  c o n tr o l  e s t im a t io n  p r e v io u s ly  m ade, was w i th in  norm al 
l i m i t s ,  when due a llo w an ce  h as b e en  made f o r  e x p e r im e n ta l  
e r r o r .
Of th e  s i x  e x p e r im e n ts , w here c r e a t i n u r i a  fo llo w e d  
h y d ra z in e  i n j e c t i o n ,  f o u r  (V .V III .Z I I  .XIV .)  showed a  
c o n d i t io n  o f  hypoglyoeania; one (V II) a  s t a t e  o f  
h y p erg ly cæ m ia , w h ile  i n  th e  rem a in in g  one (IX) th e  su g a r  
c o n te n t  rem ained  unchanged . I n  t h i s  l a s t  e x p erim e n t 
i t  may be n o ted  t h a t  th e  su g a r  e s t im a t io n  was c a r r i e d  o u t 
on b lood  o b ta in e d  d i r e c t l y  from  th e  h e a r t  24 h o u rs  a f t e r
th e  a d m in is t r a t io n  o f th e  h y d ra z in e ;  w h ile  th e  p e rc e n ta g e
when
was sm all/com pared  w ith  th e  f i g u r e s
t o t a l  c r e a t i n i n  
o b ta in e d  i n  th e  " h y p o g ly c ^ ia "  e x j)e r im e n ts . Indeed  i t
was n o t much h ig h e r  th an  th e  p e rc e n ta g e  o c c a s io n a l ly
re c o rd e d  d u rin g  th e  c o n tr o l  d a y s .
I n  E xperim ent X I I I .  w here th e  r a b b i t  a b o r te d  a f t e r  
th e  w ith d raw a l o f th e  second q u a n t i ty  o f  b lo o d , and 
w here p regnancy  had n o t been  p r e v io u s ly  n o t ic e d ,  t h e r e  i s  
l i t t l e  d i f f e r e n c e  betw een th e  two e s t im a t io n s  a l th o u g h  
th e r e  i s  a  d i s t i n c t  in c r e a s e  i n  th e  c r e a t i n  p e rc e n ta g e
(71)
o f  th e  t o t a l  c r e a t i n i n .
I n  th e  two f a s t i n g  e x p e r im e n ts , th e  r a b b i t  o f  
E x perim en t X showed q u i te  a  marked h y p e rg ly c aa n ia , 
w h ile  i n  X I . th e  su g a r  c o n te n t  o f th e  b lood  showed a  
s l i g h t  in c r e a s e  when compared v /ith  th e  con tro l e s t im a t io n .  
I n  b o th  a  marked c r e a t i n u r i a  r e s u l t e d .
I n  th e  re m a in in g  ex p e rim en t ( I T . ) ,  R a b b it  G d ie d  
w i th in  12 h o u rs .  No blood was o b ta in e d ,  w h ile  th e  
u r in e  draw n from  th e  b la d d e r  p o st-m o rtem  showed a  
t r q o e  of c r e a t i n .  T h is was th e  o n ly  r a b b i t  w hich  
e x h ib i te d  such to x ic  symptoms a f t e r  a  dose o f  75 mgrms. 
p e r  k i l o .
DISCUSSION OF RESULTS.
The f o u r  ex p erim e n ts  i n  w hich  no a l t e r a t i o n  i n  
th e  su g a r  c o n te n t  o f th e  b lo o d , and no c r e a t i n u r i a ,  
fo llo w ed  th e  i n j e c t i o n  o f  h y d ra z in e , a r e  i n t e r e s t i n g  i n
r e l a t i o n  to  th e  p re v io u s  work done on th e  s u b j e c t .
ISo)
U n d e r h i l l ,  from  h i s  r e s u l t s ,  c o n s id e r s  t h a t  r a b b i t s  a r e  
u n s a t i s f a c to r y  f o r  e x p e r im e n ta l w ork p la n n e d  to  f u r n i s h  
d a ta  re g a rd in g  c a rb o h y d ra te  m e tab o lism . From th e  w ide 
d i f f e r e n c e s  i n  th e  e f f e c t s  w hich  w ere  p ro d u ced  i n  r a b b i t s  
a f t e r  th e  a d m in is t r a t io n  o f  th e  d ru g , he c o n c lu d es  t h a t  
t h e i r  u n r e l i a b i l i t y  i s  e s p e c i a l ly  marked when th e  a l t e r a t i o n s
(72)
i n  th e  su g a r  c o n te n t  o f th e  b lood  a re  u n d e r  r e v ie w . Thus 
he sa y s  "When h y d ra z in e  i s  a d m in is te re d  i n  th e  d o se s  
in d ic a te d  (50 mgrms. p e r  k i lo )  i t  i s  c l e a r  t h a t  i n  th e  
m a jo r i ty  o f c a se s  th e  d ru g  i s  c a p a b le  o f d e c r e a s in g  th e  
su g a r  c o n te n t  o f  th e  b lo o d , i n  some in s ta n c e s  to  a  
rem a rk ab le  d e g re e , i n  o th e r s  o n ly  s l i g h t l y ,  w h i le  a  
p r a c t i c a l l y  norm al b lood  su g a r  c o n te n t  i s  m a in ta in e d  by 
a  t h i r d  g roup  o f  i n d iv i d u a l s .  From t h i s  d i v e r s i t y  o f  
r e s u l t s  i t  i s  o b v io u s t h a t  th e  r a b b i t  can n o t be r e l i e d  
upon  to  i n v a r i a b ly  e x h ib i t  hypog lycem ia  a f t e r  h y d ra z in e  
i n t r o d u c t io n .  Hence r e s u l t s  o f  e x p e rim e n ts  p la n n e d  to  
su p p ly  d a ta  o f  c a rb o h y d ra te  m etab o lism  from  th e  s ta n d p o in t  
o f  hypoglycaania may be o f  q u e s t io n a b le  v a lu e "
In  th e  p r e s e n t  s e r i e s  o f e x p e rim e n ts  th e  c o n t r o l  
e s t im a t io n s ,  c a r r i e d  ou t p re v io u s  to  th e  a d m in i s t r a t io n  
o f  h y d ra z in e ,  show a  re a s o n a b ly  c o n s ta n t  su g a r  c o n te n t  
o f  th e  b lo o d , th e  av e rag e  b e in g  a p p ro x im a te ly  0 .1 0  p e r  
c e n t ,  th u s  c o r ro b o ra tin g  p re v io u s  i n v e s t i g a t i o n s ;  w h ile  
th e  d iv e rg e n c e  in  th e  su g a r  e s t im a t io n s  a f t e r  in o c u la t io n  
a p p e a rs  dependen t on th e  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  o f  
th e  r a b b i t s  to  th e  amount o f  th e  d ru g  i n j e c t e d .  Thus 
R a b b it  A. was u sed  i n  E x p erim en ts  I .  and VC. , and R a b b it B 
i n  I I .  and I I I . , when 50 and 75 mgrms. p e r  k i l o ,  body w e ig h t 
w ere r e s p e c t iv e ly  a d m in is te re d  w ith  no r e s u l t i n g  abnorm al
(73)
sym ptom atic  o r u r in a r y  m a n i f e s ta t io n s ,  w h ile  a  dose  o f  
75 m gnns. p e r  k i l o ,  had such  a  rem a rk ab ly  t o x ic  e f f e c t  
on  R a b b it  C. t h a t  i t  d ie d  w i th in  12 h o u rs  o f  i n j e c t i o n .  
A f te r  an  i n t e r v a l  o f  a p p ro x im a te ly  one m onth , a  l a r g e r  
dose  was a d m in is te r e d ,  (100 mgrms. p e r  k i l o ,  to  R a b b it  A 
(E xperim en t V I I . )  and 90 mgrms. p e r  k i l o ,  to  R a b b it 
w ith  th e  r e s u l t  t h a t  b o th  showed a  d i s t i n c t  a l t e r a t i o n  
i n  th e  p e rc e n ta g e  of t h e i r  b lo o d - s u g a r ,  a s s o c ia t e d  w ith  
th e  p ro d u c tio n  o f c r e a t i n u r i a .  I n  a l l  U n d e r h i l l 's  
e x p e rim e n ts  i n  w hich th e  b lo o d -s u g a r  c o n te n t  was e s t im a te d ,  
th e r e  w ere a d m in is te re d  o n ly  50 mgrms. p e r  k i l o ,  a  dose 
w h ic h , i n  th e  c ase  o f th e  r a b b i t s  u sed  i n  th e  p r e s e n t  
r e s e a r c h ,  was n e v e r found to  p roduce  any a l t e r a t i o n  i n  
su g a r  p e rc e n ta g e . I n  th e  two o th e r  e x p e r im e n ts  he 
r e c o r d s ,  i n  w hich a  dose o f  100 mgrms. p e r  k i l o ,  was 
u s e d ,  th e  r a b b i t s  d ied  w i th in  f i v e  and tw e n ty - fo u r  h o u rs  
r e s p e c t iv e ly ,  no su g a r e s t im a t io n  b e in g  c a r r i e d  o u t .
Hence i t  would ap p ea r t h a t  th e  r a b b i t  can  be r e l i e d  upon 
to  e x h ib i t  a  c o n s ta n t  hypog lycem ia  a f t e r  th e  a d m in i s t r a t io n  
o f  th e  amount o f  h y d ra z in e  r e q u i s i t e  f o r  e ach  in d iv id u a l  
a n im a l«
I n  th e  s i x  e x p e rim en ts  i n  w hich  d i s t i n c t  c r e a t i n u r i a  
fo llo w ed  h y d ra z in e  i n j e c t i o n ,  and i n  w hich  no o b v io u s  
e x tra n e o u s  f a c t o r s  can be d e te c te d ,  th e  s u g a r  e s t im a t io n s  
p r e s e n t  u n e q u iv o c a l ev id en ce  i n  th e  d i r e c t i o n  o f  a  w e l l -
(74)
m arked a s s o c ia te d  h y p o g ly cem ia . I f  th e  r e l a t i o n s h i p  o f
c r e a t i n  to  th e  t o t a l  c r e a t i n i n  i s  c o n s id e re d ,  i t  i s  s e e n
t h a t  a f t e r  h y d ra z in e  i n j e c t i o n ,  th e  lo w e s t p e rc e n ta g e  o f
c r e a t i n  i s  2 0 .9 ,  th e  h ig h e s t  b e in g  6 0 .3 ^ '^whereas d u r in g
th e  t h r e e  c o n t r o l  days p re v io u s  to  i n o c u l a t i o n ,  th e  h ig h e s t
f i g u r e  r e c o rd e d ,  even i n  th e  c a se  o f  th o s e  r a b b i t s
w hich  w ere  n o t o b ta in e d  o r e a t i n - f r e o , i s  7 .2^ ,. The
o n ly  e x c e p tio n  was E xperim en t I I ,  i n  w hich on th e  t h i r d
day  p re v io u s  to  i n j e c t i o n  a  p e rc e n ta g e  o f 1 6 .4  was r e c o rd e d .
However, b e fo re  a d m in i s t r a t io n  o f th e  d r u g ,  no c r e a t i n
was o b ta in e d ,  w h ile  a f t e r  a  dose  o f 50 mgrms. p e r  k i l o .
th e  r e l a t i o n s h i p  o f  c r e a t i n  to  t o t a l  c r e a t i n i n  rem ained
w i th in  w hat was found to  be norm al l i m i t s .  The
r a t i o  i n  th e  two f a s t i n g  e x p e rim e n ts  ran g ed  from  1 8 .2 ^  to  '
3 1 .6 ^  -  f i g u r e s  q u i te  i n  a cc o rd a n c e  w ith  p re v io u s  r e s u l t s .
As re g a rd s  th e  su g a r c o n te n t o f  th e  b lo o d  i n  th o s e  ;
fo u r  e x p e rim e n ts  w here th e  o c c u rre n c e  o f  hypoglycaania and 
c r e a t i n u r i a  w ere a s s o c i a t e d ,  th e  c o n t r o l  f i g u r e s  ranged  
from  .087^  -  .1 0 1 ^ , w h ile  th e  f i g u r e s  w hich p o in te d  to  a  
c o n d it io n  o f  hypoglycaania la y  be tw een  .0 4 2 ^  and .0 7 1 ^ , 
th e r e  b e in g  th u s  alw ays a  d i s t i n c t  d e c re a s e  i n  su g a r  
p e rc e n ta g e  beyond th e  l i m i t s  o f e x p e r im e n ta l  e r r o r .
Of th e  two ex p erim en ts  i n  w h ich  c r e a t i n u r i a  was n o t 
a s s o c ia te d  w ith  th e  s im u lta n e o u s  o c c u rre n c e  o f  hypoglycaania^ 
no a l t e r a t i o n  i n  th e  su g a r  p e rc e n ta g e  f i g u r e  was found i n
(75)
E xperim en t IX .;  w h ile  i n  E xperim en t V I I .  R a b b it  A ., 
i n  w hich  two m onths p r e v io u s ly  no change i n  th e  s u g a r  
c o n te n t  had been  p roduced  by d o se s  o f  h a l f  and th r e e  
f o u r th s  o f  th e  amount a d m in is te re d  i n  th e  p r e s e n t  
e x p e r im e n t, a  marked hyperg lycaan ia  r e s u l t e d .  To 
a c c o u n t f o r  t h i s  c o n t r a d ic to r y  r e s u l t ,  no v e ry  s a t i s f a c t o r y  
e x p la n a t io n  can  be o f f e r e d .  The r a b b i t  c e r t a i n l y  
showed c o n s id e ra b le  m a la is e  and sym ptom atic  d is tu rb a n c e  
v e ry  s h o r t l y  a f t e r  r e c e iv in g  th e  i n j e c t i o n .  C o n s id e ra b le  
d i f f u c u l t y  was e x p e rie n c e d  i n  o b ta in in g  th e  r e q u i s i t e  
amount o f b lo o d  from  th e  a u r i c u l a r  v e in ,  and t h i s  may have 
been  p a r t l y  due to  th e  l e s s  f l u i d  c h a r a c te r  o f th e  b lo o d . 
T h is p o s s i b i l i t y  would i n  i t s e l f  te n d  to  r a i s e  th e  
p e rc e n ta g e  f i g u r e s  o f th e  su g a r  c o n te n t ;  and i n  t h i s  
c o n n e c tio n  i t  may a lso  be  m entioned, t h a t  owing to  a s i m i l a r  
d i f f i c u l t y  i n  o b ta in in g  s u f f i c i e n t  b lood  from  th e  v e in s  i n  
E xperim en t I X . , i t  was drawn d i r e c t l y  from  th e  h e a r t .
Thus we may s a f e ly  conclude  t h a t  a f t e r  th e  
a d m in is t r a t io n  o f th e  optimum dose o f  h y d ra z in e  f o r  th e  
p ro d u c tio n  o f an a l t e r a t i o n  o f th e  su g a r  c o n te n t ,  a  
h y p o g ly c m ia  r e s u l t s  w hich i s  in v a r i a b ly  a s s o c ia te d  w ith  
c r e a t i n u r i a ;  w h ile  i f  no change i n  th e  s u g a r  c o n te n t i s  
p ro d u ce d , c r e a t i n  i s  n o t found i n  th e  u r i n e .  i t  h as  
a l s o  to  be n o te d  t h a t  o n ly  th e  r a b b i t s  w hich  showed t h i s  
combined hypoglycem ia and c r e a t i n u r i a  e x h ib i te d  any
(76)
m arked symptoms o f  m e ta b o lic  d i s tu r b a n c e ,  th e  a n im a ls  b e in g  
q u i te  d u l l  and l i s t l e s s  and r e f u s in g  a l l  food and d r in k .
Of th e  f a c t o r s  w hich may le a d  to  t h i s  a l t e r a t i o n  
from  norm al m e tab o lism , t h a t  o f  s t a r v a t i o n  can  be e l im in a te d  
on c o n s id e r in g  th e  r e s u l t s  o f  th e  two f a s t i n g  e x p e rim e n ts  
(Z .an d  Z I)#  N e i th e r  o f  th e  r a b b i t s  showed any  r e d u c t io n  i n  
th e  p e rc e n ta g e  o f  blood s u g a r .  On th e  c o n t r a r y .  E x p erim en t X I . 
showed a  s l i g h t  in c r e a s e ,  w h ile  i n  X. a  d i s t i n c t  hyperg lycaan ia  
r e s u l t e d .  I n  b o th  c a s e s ,  a s  a l r e a d y  m en tio n ed , th e r e  was a  
m arked e x c r e t io n  o f c r e a t i n .
T hus, a l th o u g h  th e  r e s u l t s  o f th e  e x p e rim e n ts  h e re  
r e c o rd e d ,  i n  co m b in a tio n  w ith  th e  c o n c lu s io n s  o f P a r t  I . ,  a l l  
p o in t  to  th e  im p o rta n t r â l e  p lay e d  by c a rb o h y d ra te s  i n  th e  
m etab o lism  o f  c r e a t i n ,  y e t  th e  e x a c t n a tu re  o f  t h i s  r ô l e ,  o r  
even  i t s  d e g re e  o f im p o rtan ce  i s  s t i l l  u n c e r t a i n ,  i t  h a s  been  
shown th a t  th e  c r e a t i n u r i a  fo llo w in g  h y d ra z in e  i n j e c t i o n  i s  
accom panied by a  c o n d it io n  o f hypoglycaania, w h ile  i t  i s  a l r e a d y  
known t h a t  th e  c r e a t i n u r i a  o f d ia b e te s  and p h lo r id z - in  p o is o n in g  
i s  a s s o c ia te d  w ith  hyperglycaani% . * On th e  o th e r  h an d , no
* Graham and P o u lto n  i n  a  r e c e n t  com m unication su g g e s t  
t h a t  an  im p o rta n t f a l l a c y  u n d e r l i e s  th e  supposed  c r e a t i n u r i a  
o c c u r r in g  i n  d ia b e te s  and i n  c o n d it io n s  a s s o c ia t e d  w ith  
a c i d o s i s ,  owing to  th e  p re se n c e  o f a c e to n e  o r  d i a c e t i c  a c id  
w hich te n d s  to low er th e  v a lu e  o f th e  p refo rm ed  c r e a t i n i n  
e s t im a t io n s .  However, i n  some u n p u b lish e d  e s t im a t io n s  i n  
w hich  t h i s  e r r o r  has been  e lim in a te d ^ a  d i s t i n c t  e x c r e t io n  
o f  c r e a t i n  i s  s t i l l  found to  o c c u r . I t  may be n o te d  t h a t  
t h i s  c r i t i c i s m  does n o t a p p ly  to  th e  t r e a t i n u r i a  o b ta in e d  
i n  dogs i n  th e  ex p erim en ts  o f P a r t  I . ,  s i n c e ,a s  a l r e a d y  
m en tio n ed , no ace to n e  o r  d i a c e t i c  a c id  w ere e v e r  d e te c te d  
i n  th e  u r i n e .
(77)
su ch  c o n s ta n t  change i n  the  su g a r  c o n te n t  o f  th e  b lood
i s  found to  accompany th e  c r e a t i n u r i a  in d u ced  by f a s t i n g .
(Si)
F u r th e rm o re , some e x p e rim e n ts  by u n d e r b i l l  and Hand (1910) 
show t h a t  "The p e rv e r te d  c r e a t i n  m etab o lism  a s  w e l l  a s  th e  
m etab o lism  o f  th e  o th e r  n itro g e n o u s  c o n s t i t u e n t s  o f  th e  
u r in e  te n d s  r a p id ly  to  resum e th e  norm al on th e  r e c t a l  
a d m in is t r a t io n  o f d e x tr o s e ,  w ith o u t n e c e s s a r i l y  e x e r t in g  
any in f lu e n c e  on th e  p a th o lo g ic a l  c o n d i t io n  o f  th e  p a t i e n t " .
Nor do th e  v a r io u s  a tte m p te d  e x p la n a t io n s  o f  th e  
in f lu e n c e  o f  c a rb o h y d ra te s  on th e  e x c r e t io n  o f  c r e a t i n  
c a r r y  u s  v e ry  f a r .  T here i s  no d e f i n i t e  e v id e n ce  
i n  fav o u r o f  th e  h y p o th e s is  t h a t  th e y  a re  e s s e n t i a l  f o r  
th e  c o n v e rs io n  o f c r e a t i n  in to  c r e a t i n i n  o r o th e r  a s  y e t  
unknovm s u b s ta n c e s ,  or f o r  i t s  o x id a t io n  and e x c r e t io n  
a s  u r e a .  No d e d u c tio n s  i n  t h i s  c o n n e c tio n  can be draw n 
from  th e  r e s u l t s  o f  P a r t  I ,  b ecau se  th e  c r e a t i n u r i a  o f  
th o s e  ex p erim en ts  was a s s o c ia te d  w ith  an in c re a s e d  
e x c r e t io n  o f u r e a .  B e s id e s , a s  has been  a l r e a d y  
m en tio n ed , so many f a c t o r s  e n te r  in to  u r e a  e x c r e t io n ,  
t h a t  i t  i s  im p o ss ib le  to  e l im in a te  them s a t i s f a c t o r i l y ;  
and a n a lo g ie s  drawn from  " i n  v i t r o "  e x p e rim e n ts  to  th e  
changes o c c u rr in g  " in  v iv o "  a r e ,  i n  re g a rd  to  th e  p r e s e n t  
p ro b lem , e s s e n t i a l l y  u n tru s tw o r th y .
That an  adequacy o f c a rb o h y d ra te s  i n h i b i t s  m uscle
(78)
( S k )
5)
d i s i n t e g r a t i o n  and c o n se q u e n tly  p r e v e n ts  th e  e x c r e t io n  
o f  c r e a t i n ,  i s  m ere ly  a  s p e c i a l  p h ase  o f th e  more g e n e ra l
y's)
h y p o th e s is  su g g e s te d  hy M endel and Rose t h a t  " th e  t i s s u e
c e l l s  may n o t f u n c t io n a te  p r o p e r ly  when th e  norm al amount
o f  c a rb o h y d ra te  food  i s  w a n tin g , and i n  t h i s  c a se  th e
e l im in a t io n  o f c r e a t i n  would be a n a lo g o u s  to  th e  p ro d u c t io n
o f  th e  a c e to n e  b o d ie s  w hich i s  a ls o  i n h ib i t e d  by th e
a d m in i s t r a t io n  o f  c a rb o h y d ra te s " .  A g a in ,K rau se  (1913
s u p p o r ts  th e  id e a  t h a t  c r e a t i n  may be an end p ro d u c t o f
m e tab o lism , a rg u in g  t l i a t  c r e a t i n u r i a  may som etim es be
n o t so much a  d e v ia t io n  from  norm al m e tab o lism  b u t  r a t h e r
an  i n d i c a t i o n  t h a t  ou r c o n c e p tio n s  o f  n o rm al m e tab o lism ,
b a sed  a s  th e y  have b een  on *^5, somewhat l im i te d  o b s e r v a t io n s ,
may n o t be  com prehensive enough. R ecen t work on th e
(SS)SS)
c r e a t i n u r i a  o f  c h ild h o o d , and on i t s  i r r e g u l a r  o c c u rre n c e
6 '7 ,s'8^
d u r in g  th e  m e n s tru a l c y c le  o f  n o rm a lly  h e a l th y  women 
s u p p o r ts  t h i s  p l e a .
A c o n s id e r a t io n  o f th o se  v a r io u s  a ssu m p tio n s  i n  
c o n ju n c t io n  w ith  an a tte m p t to  p r o p e r ly  a p p r e c ia te  th e  
r e a s o n  f o r  th e  d iv e rg e n c e s  i n  th e  su g a r  c o n te n t  o f  th e  
b lood  i n  th o s e  v a r io u s  c o n d it io n s  w hich a re  a s s o c ia te d  
w ith  th e  e x c r e t io n  o f c r e a t i n  s u g g e s ts  t h a t  an  e f f o r t  
m ust be made to  t r a c e  th e  s ta g e  o r s ta g e s  f a r t h e r  b ack  
i n  th e  m etabolism  o f c a rb o h y d ra te s  and c r e a t i n ,  b e fo re  
we s h a l l  be a b le  to  form  any chem ical p i c t u r e  o f  t h e i r
(79)
r e l a t i o n s h i p s .  I n  t h i s  c o n n e c tio n  i t  i s  i n t e r e s t i n g  
to  n o te  t h a t  n n d e r h i l l  and F in e  11911) found t h a t  i n  dogs 
no g ly c o s u r ia  r e s u l t s  a f t e r  th e  rem oval o f  th e  p a n c re a s  
i f  th e  a n im a ls  have p r e v io u s ly  r e c e iv e d  in je o t io n d o f  
h y d ra z in e .  A c co rd in g ly  th e y  have p u t fo rw ard  th e  
t e n t a t i v e  h y p o th e s is  t h a t  h y d ra z in e  a c t s  by i t s  i n h i b i t i o n  
o r  s u p p re s s io n  o f th e  f u n c t io n  o f  th e  s u p r a - r e n a i s .
No d e f i n i t e  e v id en ce  i n  fa v o u r  o f  t h i s  th e o ry  i s  p ro d u c e d , 
w h ile  th e y  adm it t h a t  th e  hypoglycaania in d u ced  by h y d ra z in e  
m ight e q u a l ly  w e l l  r e s u l t  from  an in c r e a s e  i n  th e  o u tp u t ,  
o r  o f  th e  e f f i c ie n c y  o f  th e  p a n c r e a t ic  s e c r e t i o n .
However, a lth o u g h  t h i s  e x p la n a t io n  i s  p u r e ly  t h e o r e t i c a l ,  
i t  s i g n i f i e s  a  r e a l i s a t i o n  o f  th e  f a c t  t h a t  th e  im p o rtan c e  
o f th e  c a rb o h y d ra te  r â l e  i n  c r e a t i n  m etab o lism  i s  
u n d o u b te d , b u t  t h a t  i t  i s  i t s e l f  d ep en d en t on some o b sc u re  
p ro c e s s  o r p r o c e s s e s ,  th e  m y ste ry  o f w hich h as y e t  to  be 
u n r a v e l le d .  In  s h o r t ,  a l l  we can a t  p r e s e n t  sa y  i s  t h a t  
c a rb o h y d ra te  m etabo lism  i s  a  v e ry  d e l i c a t e l y  p o ise d  
m echanism , one o f th e  e a r l i e s t  m a n i f e s ta t io n s  o f  any 
d is tu r b a n c e  o f w hich  b e in g  th e  e x c r e t io n  o f  c r e a t i n .
In d e e d , so s e n s i t i v e  i s  t h i s  m etab o lism  o f  c r e a t i n  to  
th e  l e a s t  d is tu rb a n c e  o f c a rb o h y d ra te  e q u i l ib r iu m  t h a t  
i t s  u r in a r y  e x c r e t io n  o c c u rs  b e fo re  a  s l i g h t  e x a g g e ra t io n  
o f an  o th e rw ise  norm al p h y s io lo g ic a l  p ro c e s s  h as  become 
a  d e f i n i t e  p a th o lo g ic a l  phenomenon.
(80)
CONCLUSIONS.
1 . A f te r  h y d ra z in e  i n j e c t i o n  i n  r a b b i t s ,  i f  no
a l t e r a t i o n  i n  th e  su g a r  c o n te n t  o f  th e  b lo o d  o c c u r s ,  
no c r e a t i n u r i a  r e s u l t s ;  w h ile  th e  e x c r e t io n  o f  c r e a t i n  
i s  a s s o c ia te d  w ith  a  c o n d it io n  o f  hypoglycaan ia.
E. T h is c r e a t i n u r i a  i s  n o t d ep en d en t on th e  s t a r v a t i o n
f a c t o r  p e r  s e ,  f o r  i n  th e  two f a s t i n g  e x p e r im e n ts , th e  
e x c r e t io n  of c r e a t i n  was a s s o c ia te d  v /ith  an in c r e a s e d  
su g a r  c o n te n t o f  th e  b lo o d .
3 . C r e a t in u r i a  a p p e a rs  to  be p roduced  on th e  l e a s t  
d i s tu rb a n c e  o f th e  e q u il ib r iu m  o f c a rb o h y d ra te  
m etab o lism  o f  w hich i t  i s  one o f th e  e a r l i e s t  and m ost 
s e n s i t i v e  m a n i f e s ta t io n s .
4 .  The e x a c t n a tu re  o f th e  r o le  p la y e d  by c a rb o h y d ra te s  
i n  r e l a t i o n  to  c r e a t i n  m etabo lism  i s  s t i l l  o b s c u re ,  a  
s h o r t  summary o f th e  v a r io u s  h y p o th e se s  p u t fo rw ard  
b e in g  g iv e n .  A l l  th e  ev id en ce  s u g g e s ts  th e  n e c e s s i t y  
o f  t r a c in g  f a r t h e r  back  th e  s ta g e  o r s ta g e s  i n  th e  
m etab o lism  o f c r e a t i n  and c a rb o h y d ra te s  b e fo re  any 
c h e m ic a l p i c tu r e  o f t h e i r  r e l a t i o n s h i p s  can  be fo rm ed .
(81)
GENERAL OONOLÜSIONS OF THESIS.
From th e  e x p e rim e n ts  o f  P a r t  I .  we have se e n
t h a t  -
(1 ) The e s t im a t io n  o f  any one e lem en t o f  th e  n i t r o g e n
p a r t i t i o n  o f  th e  u r in e  i s  u s e l e s s  a s  a  g u id e  to  h e p a t ic  
e f f i c i e n c y ;  t h e i r  i n t e r - r e l a t i o n s h i p s  have to  he 
c o n s id e r e d .
(2) The m ost c o n s ta n t  f e a t u r e  o f t h é  u r i n a r y  n i t r o g e n
d i s t r i b u t i o n  d u r in g  th e  h e p a t ic  d i s tu r b a n c e  p roduced  by 
h y d ra z in e  i s  th e  in c r e a s e  i n  a m in o -ac id  n i t r o g e n  b o th  
a b s o lu te ly  and r e l a t i v e l y  to  th e  t o t a l  n i t r o g e n .
I t  h as  a ls o  b een  n o te d  t h a t  t h i s  in c r e a s e  i s  
i n v a r i a b ly  th e  e a r l i e s t  a b n o rm a lity  to  be d e te c t e d ,  so 
t h a t ,  a l th o u g h  th e  ten d e n cy  o f  r e c e n t  w ork p o in t s  to  th e  
a m in o -ac id  f r a c t i o n  n o t b e in g  o f  g r e a t  im p o rtan c e  from  
th e  p o in t  o f  v iew  o f  g e n e ra l  m e tab o lism ; y e t ,  a s  a  
p o s s ib le  t e s t  o f l i v e r  i n e f f i c i e n c y ,  a s  b o rn e  o u t by th e  
r e s u l t s  o f  th e  p r e s e n t  e x p e r im e n ts , i t  may be o f  
c o n s id e ra b le  v a lu e .
(3 )  The in c re a s e d  e x c r e t io n  o f  t o t a l  n i t r o g e n  fo l lo w in g
h y d ra z in e  i n j e c t i o n ,  and a s  found a ls o  i n  p h o sp h o ru s 
p o is o n in g ,  i s  m ost p ro b ab ly  due to  th e  d is tu rb a n c e  o f  
g ly c o g e n ic  fu n c t io n  w ith  th e  su b seq u e n t d i r e c t  o r  i n d i r e c t  
d i s i n t e g r a t i o n  o f m uscle p r o t e in .
(82)
(4 ) The e x c r e t io n  o f c r e a t i n i n  i s  found to  be p r a c t i c a l l y  
c o n s tan t* ,w h ile  t h e r e  i s  a  l a r g e  e x c r e t io n  o f  c r e a t i n ,  w h ich  
a p p e a rs  to  be  d ep en d en t on im p a ire d  g ly c o g e n ic  f u n c t io n  
e x e r t in g  i t s  in f lu e n c e  on th e  m uscle  m e ta b o lism , r a t h e r  th a n  
on l i v e r  i n e f f i c i e n c y  le a d in g  to  a  d e c re a s e  i n  th e  c o n v e rs io n  
o f  c r e a t i n  in to  c r e a t i n i n .  T h is seems to  be  i n d ic a te d  by  th e  
in c r e a s e d  k a ta b o lis m  o f "m uscle  f l e s h "  (T ab le  I I . )  a s  
c a lc u la t e d  from  th e  o u tp u t o f  t o t a l  c r e a t i n i n .
T h is c o n c lu s io n , when c o n s id e re d  a lo n g  w ith  ou r d i s c u s s io n  
o f  th e  r e s u l t s  o f o th e r  w o rk e rs , s u g g e s ts  t h a t  th e  c la im  
a p p e a rs  u n j u s t i f i e d  t h a t  th e  c l i n i c a l  e s t im a t io n  o f  th e  
u r i n a r y  e x c r e t io n  o f  c r e a t i n  may be o f  s ig n i f i c a n c e  i n  
d is tu r b a n c e s  o f  h e p a t ic  f u n c t io n .
I n  P a r t  I I .  we have seen  t h a t  by th e  u se  o f  a  method w hich  
had g iv e n  e x c e l l e n t  r e s u l t s  i n  th e  e x t r a c t i o n  o f  b a c t e r i a l  enzymes 
and by means o f  w hich a c t iv e  d i a s t a t i c  and l i p o l y t i c  fe rm e n ts  
w ere o b ta in e d  i n  th e  cou rse  o f th e  p r e s e n t  e x p e r im e n ts , no 
fe rm e n t b rin g in g  abou t th e  c o n v e rs io n  o f  c r e a t i n  in to  c r e a t i n i n  
o r  th e  d e s t r u c t io n  o f c r e a t i n  in to  known o r  unknown s u b s ta n c e s  
w as d e te c t e d ,  so long  a s  b a c t e r i a l  a c t io n  was e x c lu d e d .
T h is c o n c lu s io n , w h ile  c o r ro b o ra t in g  th e  e a r l i e r  f in d in g s  
o f  M e lla n b y , i s  i n  acco rdance  w ith  th e  r e s u l t s  o f  P a r t  I I I  
w h ich  s u g g e s t  a  p u re ly  chem ical r e l a t i o n s h i p  o f  c r e a t i n  and 
c r e a t i n i n  to  c a rb o h y d ra te  m etabo lism  r a t h e r  th a n  an  en zy m atic
(83)
mode o f  fo rm a t io n .
The m ain  f e a t u r e  o f th e  e x p e rim e n ts  o f  P a r t  I I I .  h a s  b een  
th e  d e m o n s tra tio n  o f  th e  c lo s e  r e l a t i o n s h i p  be tw een  th e  
c r e a t i n u r i a  fo l lo w in g  th e  i n j e c t i o n  o f  h y d ra z in e  i n  r a b b i t s  and 
th e  c o e x i s t e n t  hypoglycsan ia. We have s e e n  t h a t  i f  no a l t e r a t i o n  
i n  th e  su g a r  c o n te n t o f  th e  b lood  o c c u r s ,  no c r e a t i n u r i a  r e s u l t s ,  
w h i le  th e  e x c r e t io n  o f  c r e a t i n  i s  a s s o c ia te d  w ith  a  c o n d i t io n  
o f  h y p o g ly cæ n ia . From th e s e  r e s u l t s  we have e lim in a te d  th e  
s t a r v a t i o n  f a c t o r .
We have a ls o  se en  from  a  c o n s id e r a t io n  o f th e  p re v io u s  w ork 
done on th e  s u b je c t  a s  w e l l  a s  from  a  d i s c u s s io n  o f  th e  v a r io u s  
e x p la n a to ry  h y p o th eses  p u t fo rw a rd , t h a t  a l th o u g h  th e  ap p ea ra n c e  
o f  c r e a t i n  i n  th e  u r in e  i s  one o f th e  e a r l i e s t  m a n i f e s ta t io n s  o f  
th e  l e a s t  d is tu rb a n c e  of th e  e q u il ib r iu m  o f c a rb o h y d ra te  
m e ta b o lism , y e t  th e  e x a c t n a tu re  o f t h e i r  r e l a t i o n s h i p  i s  s t i l l  
o b s c u re .
A l l  th e  ev id en ce  su g g e s ts  t h a t ,  w h ile  th e  im p o rtan ce  o f  th e  
c a rb o h y d ra te  r o le  in  c r e a t i n  m etabo lism  i s  u n d o u b ted , i t  i s  
i t s e l f  d ep en d en t on some o bscu re  p ro c e s s  o r  p r o c e s s e s ,  th e  n a tu r e  
o f  w hich  w i l l  p ro b a b ly  be e lu c id a te d  when we a r e  a b le  to  t r a c e  
th e  s t i l l  e sirher s ta g e  o r  s ta g e s  i n  th e  m etab o lism  o f  c r e a t i n  
and c a rb o h y d ra te s .
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